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Graduate students who fulfil teaching roles in the undergraduate laboratory play an 
important role in establishing a positive learning environment. A host of graduate-
student teacher training programmes have been developed, implemented and evaluated 
accordingly in order to enhance their teaching capability. In addition, research has also 
investigated the varied or sometimes complex factors that influence graduate students' 
teaching behaviours. However, much of the extant literature on graduate-student teacher 
development has prized a transmission model of teacher education whereby information 
about what good teaching involves is transmitted to graduate students as a means of 
developing their teaching capability. Further, evaluations of chemistry graduate-student 
teacher development programmes have grappled with evidencing significant 
advancements made to the instructional practices of its participants. 
This research set out to develop, implement and evaluate a teacher development 
programme for graduate students who teach in the undergraduate chemistry laboratory. 
The 'Teaching as a Chemistry Laboratory Graduate Teaching Assistant' (TCL-GTA) 
programme sought to employ an alternative way of catalysing graduate students in their 
laboratory teaching roles by enhancing their sense of psychological empowerment. In 
order to achieve this, it was sought to nurture the conditions of teacher empowerment 
that are linked to enhanced student performance during the programme. The 'Meaningful 
Learning in the Laboratory' (MLL) instructional model was designed to guide graduate 
students’ conceptualisation of how students learn meaningfully in the laboratory, as well 
as informing how they instruct and interact with students in the laboratory.  
This research was carried out over four phases that involved informing, designing, 
implementing and evaluating the TCL-GTA programme. Underpinned by pragmatic 
philosophy and subscribing to various philosophical underpinnings of the positivistic, 
postpositivistic and constructivist paradigms, this research employed a mixed method 
approach of collecting and analysing both quantitative and qualitative forms of data from 
questionnaires, interviews and laboratory audio recordings. A range of analyses 
including thematic analysis, category development and statistical analysis were 
employed. The findings of this research indicates misalignment in the perceptions of the 
role of laboratory demonstrators which subsequently informed the design of the TCL-
GTA programme. The implementation of the TCL-GTA programme nurtured empowering 
teacher development conditions. This positively influenced graduate students' sense of 
psychological empowerment in their laboratory instructor roles while concomitantly 
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This doctoral thesis comprises of three published papers, a succinct literature review 
chapter, a detailed research design chapter and a concise discussion and conclusion 
chapter. This chapter begins with a description of the problem space that this research 
addressed and a personal reflection from the researcher detailing the origins and 
motivations of the researcher and the research. An overview of the research aim and 
objectives and the rationale for choosing to complete an article-based thesis will be 
provided. Finally, the chapter will conclude with an overview of the structure of the 
thesis.  
1.2 The Problem Space 
Graduate students are crucial to laboratory teaching and learning throughout higher 
education institutions (Herrington and Nakhleh 2003, Luft et al. 2004, Bond-Robinson 
and Rodriques 2006, Ryan 2014). In their roles as laboratory instructors, graduate 
students are often responsible for grading, providing feedback, managing chemicals, 
developing undergraduate students’ practical skills and conceptual understanding as 
well offering them encouragement and support (Herrington and Nakhleh 2003, Bond-
Robinson and Rodriques 2006). In a broad sense, there have been two strands to the 
extant chemical education research devoted to the development of chemistry graduate 
students’ teaching capabilities. On one hand, research has investigated the development, 
implementation and evaluation of an array of chemistry graduate teacher development 
programmes (Nurrenbern et al. 1999, Hampton and Reiser 2004, Bond-Robinson and 
Rodriques 2006, Marbach-Ad et al. 2012, Pentecost et al. 2012, Richards-Babb et al. 2014, 
Wheeler et al. 2015, Wheeler et al. 2016). On the other, research has also explored the 
various personal and contextual factors that can influence the graduate students’ 
teaching practices and capabilities (Boyer 1990, Nyquist et al. 1999, Golde and Dore 2001, 
Kurdziel et al. 2003, Luft et al. 2004, Kinchin et al. 2009, Hardré and Burris 2012, Sandi-
Urena and Gatlin 2012, Sandi-Urena and Gatlin 2013). However, there are two issues 
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associated with this prior research to inform the problem space that this research intends 
on addressing (Figure 1.1).  
Firstly, research pertaining to chemistry graduate-student teacher development 
programmes has tended to prize a transmission model of teacher education whereby 
information about what good teaching looks like is transmitted (Johnson and Golombek 
2002). For example, two of the most prominent features of chemistry graduate-student 
teacher development programmes involve participants modelling successful teaching 
practices (Shannon et al. 1998, Kurdziel et al. 2003, Bond-Robinson and Rodriques 2006, 
Marbach-Ad et al. 2012, Pentecost et al. 2012, Richards-Babb et al. 2014, Wheeler et al. 
2015, Wheeler et al. 2016) and studying various learning theories such as guided 
learning, Bloom's taxonomy, rote and meaningful learning (Kurdziel et al. 2003, Bond-
Robinson and Rodriques 2006, Pentecost et al. 2012, Wheeler et al. 2015, Wheeler et al. 
2016). However, there has been a lack of consideration of possible alternative ways of 
enhancing the teaching capabilities of chemistry graduate students that does not involve 
the transmission of knowledge pertaining to what good teaching looks like.  
Secondly, while there is widespread consensus throughout the chemical education 
research community that graduate students are crucial to laboratory teaching and 
learning processes, the evaluations of chemistry graduate-student teacher development 
programmes have grappled with evidencing significant advancements made to the 
instructional practices of its participants. For example, the most common evaluation 
modalities of these programmes include observations analyses (Kurdziel et al. 2003, 
Hampton and Reiser 2004, Bond-Robinson and Rodriques 2006), interviews with faculty 
and participating GTAs  (Kurdziel et al. 2003, Pentecost et al. 2012, Wheeler et al. 2015), 
GTA surveys and questionnaires (Nurrenbern et al. 1999, Pentecost et al. 2012, Richards-
Babb et al. 2014, Wheeler et al. 2016), student surveys and questionnaires (Nurrenbern 
et al. 1999, Marbach-Ad et al. 2012, Pentecost et al. 2012) and comparison of students’ 
terminal course exam scores (Hampton and Reiser 2004). This is supported by a claim 
made by Sandi-Urena et al. (2011a) that most studies evaluating the instructional 
practices of graduate students in the laboratory rely upon “intellectual gains related to 
content mastery, teaching ability and Graduate Teaching Assistants’ satisfaction” (2011, p. 
92). Therefore, this research set out to evaluate a chemistry graduate teacher 
development programme in an alternative way to existing and most commonly used 
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evaluation modalities that provided convincing evidence of the significance of graduate 
students in the undergraduate chemistry laboratory.  
 
 
Figure 1-1: Problem Space addressed by this research. 
1.3 Origins and Motivations of the Researcher and the Research 
The seeds of this doctoral research were sown during my completion of a chemistry 
education research project in the final year of my Bachelor of Science with Education 
degree at the University of Limerick. An aspect of this project, entitled ‘An Investigation 
into the Potential Incorporation of Inquiry-Based Learning in Undergraduate Chemistry 
Modules’ investigated the attitudes and perceptions of graduate students who fulfilled 
laboratory demonstrator roles and undergraduate students in the undergraduate 
chemistry laboratory towards inquiry-based learning. The findings of this research 
concluded that appropriately trained laboratory demonstrators were integral towards 
the successful incorporation of inquiry-based learning activities during undergraduate 
chemistry laboratory sessions. From that point onwards, I proceeded to embark on a 
doctoral research journey with the intention of developing the teaching capabilities of 
chemistry graduate students who fulfil laboratory demonstrator roles. However, I soon 
found myself in an intricate position as a researcher whose research interests were in the 
development of graduate students’ teaching capabilities.  
As my doctoral journey began, my role as a laboratory demonstrator also began. Just like 
every other graduate student in the chemistry department, I was required to fulfil six 
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hours of demonstrating duties per week. This was an inherently valuable position for me 
as a researcher as it afforded me with an opportunity to immerse myself in the 
demonstrator role. This experience allowed me to live the life of a demonstrator, to 
experience its highs and its lows and to observe and listen to how other graduate students 
experience the highs and lows of the role. I gained a first-hand experience of what it took 
to leave my research desk, to put on the high-vis vest that had ‘Laboratory Demonstrator’ 
written on the back, to ensure the undergraduate students completed all their 
experiments safely, correctly and on time while attempting to answer all of their 
questions at the same time. Prior to assuming the laboratory demonstrator role, I 
attended safety training but there was no significant attention devoted to the 
development of my teaching capabilities during this training. I did not receive any 
financial reward for my efforts as a laboratory demonstrator. However, I cherished the 
experience in many ways. I enjoyed developing friendships with the other demonstrators. 
I embraced the opportunity of becoming part of a distinguished team in the laboratory, 
an accomplished team of researchers who would walk to and from the laboratory 
together, who had the potential to provide students with assistance and who could 
capably deal with any sort of situation that arose in the laboratory. I personally revelled 
in the prospects of being able to get to know individual undergraduate students and 
endeavouring to make a difference to their laboratory learning experiences.  
However, I often fulfilled the demonstrator role alongside other demonstrators who had 
considerably greater levels of experience and knowledge of fulfilling the role than I did at 
the time. Towards my research interests of developing the teaching capabilities of 
graduate students who fulfil demonstrator roles and despite having just registered as a 
secondary school science teacher with The Teaching Council in Ireland, I felt I had no right 
in telling more experienced laboratory demonstrators about what I believe good teaching 
is or what I believe good teaching looks like. Their relatively greater levels of experience 
and knowledge of dealing with undergraduate students in the laboratory meant that I 
was going to have to figure out an alternative way of developing their teaching 
capabilities that did not involve the transmission of knowledge about what I believe good 
teaching is or what I believe good teaching looks like. The situation puzzled my mind. 
However, I was to receive a hint towards its resolution at 6:04pm on a dark Monday 
evening in the laboratory. A general chemistry laboratory session had just finished and 
the laboratory technical officers were eager to shut down the laboratory for the night. I 
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proceeded to remove my ‘Laboratory Demonstrator’ high-vis vest with a yawn, exhausted 
after a three-hour stint of tending to typical demonstrator duties. I looked over my right 
shoulder to see where my fellow three demonstrators were so we could walk out of the 
laboratory together. As I turned my head, I saw each demonstrator leaning over various 
benches in the laboratory, helping a small number of undergraduate students who were 
bearing over their shoulders, listening attentively to their explanations. Despite it being 
four minutes past their finish time, to me, I saw three demonstrators relentlessly 
persisting in their pursuits to help the undergraduate students, I saw a rich exchange of 
knowledge between three experts and their novices but more importantly, I had just seen 
the solution to my puzzle. I knew that the interactions that were taking place between the 
demonstrators and the undergraduate students were of acute significance, especially for 
the students. I figured that in such large general chemistry classes, the opportunities 
available to these students to speak to a chemistry expert about chemistry were limited. 
However, from observing and interacting with my fellow demonstrators I gathered that 
they did not realise the significance of their role in the undergraduate laboratory. It was 
then that I was beginning to realise that if I were to endeavour to develop demonstrators’ 
teaching capabilities, I firstly needed to encourage them to see themselves as ‘teachers’ 
in the first instance and not just as ‘demonstrators’. From the point onwards, my quests 
through empowerment literature began in earnest.    
1.4 Research Aim and Objectives 
The aim of this research was to design, implement and evaluate a teacher development 
programme for chemistry graduate students who assist in the delivery of undergraduate 
laboratory sessions. In line with the two aforementioned issues arising from the 
literature associated with the development of chemistry graduate students’ teaching 
capabilities, a number of objectives were set out for this research to achieve. A 
description of each objective and how they were each addressed throughout the three 
publications arising from this research will now be provided.   
Publication 1: Aligning Perceptions of Laboratory Demonstrators’ Responsibilities to 
Inform the Design of a Laboratory Teacher Development Program. J. Chem. Educ. 2017, 94, 
1007−1018. 
1. To investigate the alignment of the perceptions of undergraduate students and 
graduate students who teach in the undergraduate chemistry laboratory 
regarding the responsibilities of laboratory demonstrators in addressing 
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cognitive, affective and psychomotor learning experiences in the general 
chemistry laboratory. 
2. To consider how the alignment, or misalignment of such perceptions can inform 
the design of a teacher development programme for graduate students who fulfil 
laboratory instructor roles. 
 
Publication 2: The Influence of Psychological Empowerment on the Enhancement of 
Chemistry Laboratory Demonstrators' Perceived Teaching Self-Image and Behaviours as 
Graduate Teaching Assistants. Chemistry Education Research and Practice, 2017, 18, 710 – 
736. 
3. To explore how the sense of psychological empowerment experienced by 
graduate students in their laboratory instructor roles influences their teaching 
self-image and behaviours. 
4. To develop a graduate-student teacher development programme that seeks to 
enhance the sense of psychological empowerment experienced by graduate 
students in their laboratory instructor roles. 
5. To investigate the influence of this programme on the sense of psychological 
empowerment experienced by the graduate students and how they perceived it 
influenced their teaching self-image and behaviours 
 
 
Publication 3: Evaluating the Impact of the ‘Teaching as a Chemistry Laboratory Graduate 
Teaching Assistant’ Program on Cognitive and Psychomotor Verbal Interactions in the 
Laboratory (DOI: 10.1021/acs.jchemed.7b00370). 
6. To develop an instructional model that would guide graduate students in 
conceptualising how students learn in a meaningful manner according to Novak’s 
theory of meaningful learning and to inform how they instruct undergraduate 
students in the laboratory. 
7. To evaluate the impact of graduate students’ participation in the teacher 
development programme featuring the implementation of the Meaningful 
Learning in the Laboratory instructional model as well as the simultaneous 
enhancement of their sense of psychological empowerment on the verbal 
interactions they have with undergraduate students in the laboratory.  
 
1.5 A Rationale for an Article-Based Thesis 
This thesis takes the form of an article-based thesis and the researcher would like to take 
the opportunity to provide a rationale for why the decision was made to submit an article-
based thesis as opposed to a monograph thesis. The concept of a ‘PhD by Publication’ was 
introduced in 1966 by Cambridge University in the United Kingdom (Guerin 2016). The 
recent attraction of the article-based approach is claimed to be in response to a number 
of factors including the massification effect throughout higher education whereby 
student populations are increasing exponentially as well as an increasingly competitive 
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job market for doctoral graduates that values publication in peer-reviewed journals (Park 
2007, Taylor 2012, Guerin 2016). Guerin (2016) contemplates whether the growing 
prominence of the article-based approach is simply a response to an audit culture that 
demands countable research outputs. However, according to the Graduate School at the 
University of Limerick, the advantages of the article-based approach include: 
- The more rapid dissemination of research results to a wider audience prior to completion of 
the thesis, with a more immediate impact on the development of knowledge in the field of 
study;  
- The publication of the research enhances the standing of the doctoral candidate, the 
supervisor(s) and the university;  
- The candidate and supervisor(s) receive at an early stage external feedback from 
independent reviewers on the research;  
- Cultivation of publication habits, from the outset of the research publication is a priority;  
- By means of publication the student is aware of how the research is progressing and is able 
to see the results of the research. 
(University of Limerick 2006, p.1) 
 
Upon reflection, I feel that my doctoral journey has benefitted greatly from the 
opportunity to complete an article-based PhD thesis. Unlike the aforementioned 
advantages of the article-based approach, the greatest advantage I have perceived from 
the article-based approach has been the dividends it has paid to my morale as a doctoral 
student. The sense of accomplishment and satisfaction that came with each published 
article, that often served to blind-side the testing times experienced during the 
completion of each article, continued to add to my motivations and aspirations of 
completing my PhD and pursuing a career in academia. Further, writing shorter and more 
concise articles for publication helped to keep my mind focused which may have proved 
more difficult when writing much longer, monograph chapters.  
Another unlikely advantage that I did not anticipate from embarking on a structured PhD 
programme that facilitated an article-based doctoral pursuit was the liberation it 
afforded to me as a young researcher. Following a presentation of my PhD research at the 
Biennial Conference on Chemical Education in Colorado in 2016, I was subsequently 
invited by Professor Tina Overton to work with the laboratory demonstrators at Monash 
University in Melbourne, Australia in the summer of 2017. During the completion of an 
assignment for a ‘Leadership and Professional Practice’ course that I enrolled in as part 
of my structured PhD programme earlier in 2017, I explored a leadership construct that 
I figured could hold rich potential in developing the teaching capabilities of the laboratory 
demonstrators in Monash University. This leadership construct was unrelated, but yet 
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complementary to the empowerment construct I explored as part of my overall PhD 
research project. However, owing to the article-based approach, I developed a profound 
sense of liberation in being able to lead another research study, in a different institution 
with a different academic resulting in the production of a another lead-authored paper 
that is complementary to my PhD research interests and still signifies and is recognised 
as a product of my doctoral journey.  
I was also grateful to capitalise on other more generic advantages to the article-based 
PhD approach. The continuous receipt of feedback from independent reviewers in the 
field of chemical education proved to be invaluable in my development as a novice 
researcher in the field. This process afforded me with opportunities to strengthen my 
work and to become recognised in my field by journal editors and reviewers. Secondly, 
this approach was time efficient, perhaps more so for my supervisors. As opposed to 
reviewing large monograph chapters, reviewing relatively smaller articles that called for 
succinct precision and clarity of thought perhaps was more time efficient for them.   
Overall, while I am grateful to have had the opportunity to embark on an article-based 
approach, I am conscious of the potential that this approach can have in shaping and yet 
still, fragmenting doctoral research. Therefore, my ambitions for this thesis is not only to 
disseminate the findings of my doctoral research, but to do so in a way that coherently 
synthesises the ideas and insights that I generated on my doctoral journey.   
1.6 Structure of Thesis 
This thesis consists of five chapters with the close of each chapter consisting of a 
bibliography of the references cited within each chapter respectively. This introductory 
chapter has provided a description of the problem space that this research has addressed, 
the origins of the researcher and the research, the aim and objectives of the research, the 
rationale for choosing to embark on an article-based PhD approach and it will conclude 
with an overview of the structure of the remaining chapters of this thesis. 
Chapter 2: Literature Review: 
The second chapter consists of an introduction to the conceptual framework that guided 
this research and follows with a succinct description of the literature associated with each 
component of the framework and the relationships between the components. 
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Chapter 3: Research Design: 
The third chapter consists of a description of the research design adopted for the purpose 
of this research. Here, an account of the ontological, epistemological and methodological 
underpinnings of the various research paradigms that this research subscribed is 
provided.  An overview of the four phases of this research, concerning the data collection 
and analysis procedures as well as issues of reliability validity and rigor and ethical 
considerations then follows.  
Chapter 4: Results:  
The fourth chapter presents the published papers arising from this research as well as 
the presentation of additional research findings. Each publication is preceded by an 
introductory signpost explaining the nature of each paper as well as its contribution to 
this doctoral research study. The additional findings describes the statistical analysis 
carried out as part of this research study as well as a working paper following research I 
undertook at Monash University, Australia.  
Chapter 5: Discussion, Recommendations, Implications and Conclusions: 
The fifth chapter includes a discussion of the findings of this research and explores some 






2 Literature Review 
2.1 Introduction 
This Chapter will begin with an introduction to the three main concepts that have 
underpinned the conceptual framework that guided this research. The three concepts 
include graduate-student teacher development, teacher empowerment and meaningful 
learning in the undergraduate laboratory. A succinct description of the literature 
associated with each concept and a description of the relationships between the concepts 
is provided.  
2.2 Conceptual Framework 
A conceptual framework seeks to describe “either graphically or in narrative form, the 
main things to be studied; the key factors, variables, or constructs and the presumed 
interrelationships among them” (Miles et al. 2013, p.20). The conceptual framework 
illustrated in Figure 2.1 represents the evolvement of the researchers’ understanding of 
the problem space that this doctoral study addressed. The framework situates within the 
field of chemistry graduate-student teacher development and describes a process of 
teacher empowerment towards the enhancement of meaningful learning for students in 
the undergraduate chemistry laboratory.  
Beginning with teacher empowerment, this research developed a graduate-student 
teacher development programme that hinged on three conditions of teacher 
empowerment that previous research correlated with having positive influences on 
students’ learning experiences. These conditions included; (i) the establishment of 
authentic pedagogy, (ii) in a professional teaching community (iii) that had a shared 
responsibility for student learning  (Marks and Louis 1997, Sweetland and Hoy 2000).  
Through the generation of these empowering conditions during a chemistry graduate-
student teacher development programme, it was sought to enhance meaningful learning 
in the undergraduate chemistry laboratory. According to Novak’s theory of meaningful 
learning, a meaningful learning experience involves “the constructive integration of 
thinking, feeling and acting”  (Novak 2010, p.18). As such, during a process of learning, 
how students feel (affective domain), what they think (cognitive domain) and what they 
do (psychomotor domain) must be considered and nurtured.  However, as this research 
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progressed, the researcher began to acknowledge the significance of students’ affective 
learning domain and the influence which this particular domain of learning has on their 
cognitive and psychomotor learning domains. Pertaining to the field of chemistry 
education, affective goals such as feeling good by completing laboratory requirements 
and finishing early are affective goals that students prioritise over cognitive and 
psychomotor learning goals in the chemistry laboratory (DeKorver and Towns 2015). 
Further, chemistry education research is appreciating how students’ affective domain 
cannot be treated as a sole entity by delineating it from their cognitive domain of learning 
(Nieswandt 2007, Brandriet et al. 2013, Rahayu 2015). Therefore, as illustrated in Figure 
2.1, the cognitive and psychomotor learning experiences are rooted in affective learning 
experiences. 
The conceptual framework that guided this study therefore entailed the development of 
a graduate-student teacher development programme that hinged on the enhancement of 
participants’ sense of empowerment through the nurture of authentic pedagogy in a 
professional teaching community that had a shared responsibility for student learning 
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Figure 2-1: Components of the conceptual framework the guided this research. 
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development, (ii) teacher empowerment and (iii) meaningful laboratory learning for 
undergraduate students will each be explored.   
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2.2.1 Chemistry Graduate-Student Teacher Development 
The Significance of Graduate Students Who Teach 
Graduate students hold a pivotal place at the interface of research and learning 
throughout higher education as they fulfil capacities as both researchers and educators 
(Ryan 2015). As such, Ryan (2015) contends that graduate students throughout Irish 
higher education institutions are central in meeting a recommendation made by the 
National Strategy for Higher Education (NSHE) 2030 that involves the development and 
maintenance of “a culture of enquiry and engaged scholarship” (Hunt 2011, p.54). 
However, Ryan (2015) calls for higher education institutions in Ireland to support 
graduate students in developing life-long and transferable skills, such as the affordance 
of pedagogical training in order to assure the quality of teaching and learning. The 
number of full-time new entrants to undergraduate higher education now exceeds 
43,000, a figure that is 5% higher than 2012 / 2013 and within the mantra of 'teach more 
with less', graduate students are being faced with large classes of undergraduate students 
without having adequate teacher training (Ryan 2015).  
Specific to teaching and learning in the undergraduate chemistry laboratory, there is 
unanimous consensus throughout literature that graduate students are crucial to 
laboratory teaching and learning processes (Herrington and Nakhleh 2003, Luft et al. 
2004, Bond-Robinson and Rodriques 2006, Ryan 2014). The interactions between 
graduate and undergraduate students in the laboratory establishes a social context and 
it is this social context that permits for learning to occur according to the Vygotskian 
sociocultural theory of learning (Vygotsky 1978).  The pursuit of human learning, 
considered by Vygotsky as a process of enculturation describing its presupposition as “a 
specific social nature and a process by which children grow into the intellectual life of those 
who surround them” (1978 p. 88) has promoted the emergence of socio-constructivist 
theories of learning throughout science education research (Driver et al. 1994, Atwater 
1996, Duschl and Osborne 2002). Vygotsky’s Zone of Proximal Development describes 
“the distance between the actual developmental level as determined by the independent 
problem solving and the level of potential development as determined through problem 
solving  under guidance or in collaboration with more capable peers”  (Vygotsky, 1978 p. 
86). Here, the role of the teacher is to guide students to solve more challenging questions 
than those that they are able to solve on their own, independent of any form of guidance 
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or collaboration. Such interaction between a teacher and a student is believed to “awaken 
a variety of internal development processes” (1978 p. 90) in students so that they go on to 
internalize such processes. Internalization will enable students to carry out such 
processes without the need of the guidance of a teacher in the future. Therefore, the 
interactions between graduate and undergraduate students should be of utmost 
importance as Driver et al. claims that “If students are to adopt scientific ways of knowing, 
then intervention and negotiation with an authority, usually the teacher, is essential” 
(Driver, et al., 1994, p.11). 
Terminology Used to Describe Graduate Students who teach in the Laboratory 
Science education research based in Ireland, (O'Sullivan , Kelly and Finlayson 2007, 
Robinson et al. 2012, Ryan 2014) the United Kingdom (Wood 1990, Johnstone et al. 1994, 
Lewis 2002, Overton 2003, Beaton and Sims 2016, Seery et al. 2017) and Australia 
(Kirkup et al. , O’Toole et al. , Teakle , Panizzon et al. 1999, Read and Kable 2007, Rice 
et al. 2009, Sarukkalige et al. 2010, Braun and Kirkup 2015, Kirkup et al. 2016), often 
refers to graduate students who teach in the undergraduate laboratory as ‘Laboratory 
Demonstrators’ (LDs). A national Australian report claims LDs are “…the most significant 
resource applied to the laboratory experience. As the people who know what is to be done 
and how, they set the tone of the learning environment” (Rice et al. 2009, p.71). LDs possess 
the necessary content knowledge and experience to run the laboratory but do not have 
an input into the design of teaching activities or access to significant teacher development 
programmes (O’Toole et al. , Lewis 2002, Rice et al. 2009) .  
The LD role can be compared to the Graduate Teaching Assistant (GTA) role which is a 
role that is renowned for being a recognized teaching positon throughout institutions in 
North America with its main purposes of providing graduate students with teaching 
support and the tools to transition into a career in academia (Park 2004). While effective 
GTAs provide undergraduate students with assistance before and after laboratory 
sessions (Herrington and Nakhleh 2003), the role of the LD is mostly confined to the 
laboratory, as made obvious through their nomenclature. Unlike GTAs, LDs do not teach 
small classes, tutorials or lessons however, during undergraduate laboratory sessions, 
the role responsibilities of both GTAs and LDs in the laboratory are relatively similar. 
These responsibilities include grading, providing feedback, managing chemicals, 
developing undergraduate students’ practical skills and conceptual understanding as 
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well offering them encouragement and support (Wood 1990, Herrington and Nakhleh 
2003, Bond-Robinson and Rodriques 2006). However, the recruitment and training 
processes experienced by both GTAs and LDs can differ.  
It is reported that the recruitment of graduate students for GTA positions is competitive 
with the Head of Department usually having the decision-making ability in light of 
available funding, teaching need and the availability of research students with 
appropriate subject knowledge (Park and Ramos 2002). In the context of LD recruitment, 
the default position for faculties is to recruit LDs on a sessional basis (Rice et al. 2009). A 
recent American Chemical Society (ACS) report identifies that 91.3% of American 
Chemical Society institutions have some form of teacher development opportunities 
available for GTAs to benefit from (American Chemical Society 2013). However, two 
recent Australian national reports on LD teacher development documents a lack of 
specialized teacher development opportunities available for LDs. One report, involving 
LDs throughout nine different universities reported that LDs had little or no development 
with regard to their teaching and learning role in the laboratory in light of the assumption 
that discipline knowledge was all that was required for their role (Rice et al. 2009). 
Further, the second report indicated the absence of specialized training for LDs (O’
Toole et al. 2012). Where the provision of LD preparation exists, it often is in the form of 
a briefing by course leaders to inform LDs of various technical and safety issues 
pertaining to the laboratory sessions (Wood 1990, Overton 2003, Sarukkalige et al. 2010, 
Kirkup et al. 2016). Different recruitment and training experiences may result in different 
teaching motivations and inclinations for both LDs and GTAs. However, given the 
similarities between LDs and GTAs in respect to their status as graduate students, their 
relative experience in learning chemistry as well as their role in the laboratory, literature 
on the features and evaluations of teacher development programmes for both models of 
graduate-student teaching can be shared.   
Features of Chemistry Graduate-Student Teacher Development Programmes 
A wealth of chemical education research has focused on developing, implementing and 
evaluating teacher development programmes for chemistry graduate students 
(Nurrenbern et al. 1999, Kurdziel et al. 2003, Hampton and Reiser 2004, Bond-Robinson 
and Rodriques 2006, Marbach-Ad et al. 2012, Pentecost et al. 2012, Richards-Babb et al. 
2014, Wheeler et al. 2015, Wheeler et al. 2016) (Table 2.2). The features of these 
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programmes include modelling successful teaching practices (Shannon et al. 1998, 
Kurdziel et al. 2003, Bond-Robinson and Rodriques 2006, Marbach-Ad et al. 2012, 
Pentecost et al. 2012, Richards-Babb et al. 2014, Wheeler et al. 2015, Wheeler et al. 2016), 
studying various learning theories  such as guided learning, Bloom's taxonomy, rote and 
meaningful learning (Kurdziel et al. 2003, Bond-Robinson and Rodriques 2006, Pentecost 
et al. 2012, Wheeler et al. 2015, Wheeler et al. 2016), aligning expectations of both 
graduate students and undergraduate students (Kurdziel et al. 2003, Marbach-Ad et al. 
2012, Pentecost et al. 2012, Richards-Babb et al. 2014, Wheeler et al. 2015, Wheeler et al. 
2016), reviewing logistical aspects of laboratory sessions (grading, expectations, weekly 
laboratory agenda, and potential issues) (Kurdziel et al. 2003, Marbach-Ad et al. 2012, 
Wheeler et al. 2015, Wheeler et al. 2016), practicing experiments (Kurdziel et al. 2003, 
Wheeler et al. 2015, Wheeler et al. 2016), establishing a teaching community of practice 
(Marbach-Ad et al. 2012, Wheeler et al. 2015, Wheeler et al. 2016), holding content-based 
discussions (Pentecost et al. 2012, Wheeler et al. 2015, Wheeler et al. 2016), receiving 
feedback on their performance (Hampton and Reiser 2004, Bond-Robinson and 
Rodriques 2006, Pentecost et al. 2012, Richards-Babb et al. 2014, Wheeler et al. 2015, 
Wheeler et al. 2016), hearing advice from experienced graduate students who teach 
(Marbach-Ad et al. 2012), developing teaching philosophy statements (Richards-Babb et 
al. 2014) and giving practice presentations (Bond-Robinson and Rodriques 2006, 
Richards-Babb et al. 2014). 
Evaluating Chemistry Graduate-Student Teacher Development Programmes 
The methods employed to evaluate the efficacy of these chemistry graduate-student 
teacher development programmes include observations analyses (Kurdziel et al. 2003, 
Hampton and Reiser 2004, Bond-Robinson and Rodriques 2006), interviews with faculty 
and participating GTAs  (Kurdziel et al. 2003, Pentecost et al. 2012, Wheeler et al. 2015), 
GTA surveys and questionnaires (Nurrenbern et al. 1999, Pentecost et al. 2012, Richards-
Babb et al. 2014, Wheeler et al. 2016), student surveys and questionnaires (Nurrenbern 
et al. 1999, Marbach-Ad et al. 2012, Pentecost et al. 2012) and comparison of students’ 
terminal course exam scores (Hampton and Reiser 2004). These evaluations have 
provided insight into how these teacher development programmes have enhanced 
graduate students’ pedagogical chemical knowledge (Bond-Robinson and Rodriques 
2006), ability to lead a pre-laboratory discussion before traditional laboratory sessions 
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(Kurdziel et al. 2003), content knowledge to teach (Wheeler et al. 2016), confidence to 
teach (Richards-Babb et al. 2014), and their ability to employ innovative teaching 
methods such as engaging students more, using questions to start a discussion rather 
than answering immediately, using visual-aids as well as written material, making eye 
contact with students, and communicating expectations (Marbach-Ad et al. 2012). 
Undergraduate students taught by chemistry graduate students involved in teacher 
development programmes have positively rated their ability to lead undergraduate 
student-centred recitations (Pentecost et al. 2012), their level of preparedness, 
understanding of material, clarity of explanation and encouragement to develop thinking 
and problem solving skills (Nurrenbern et al. 1999) and their use of effective 
instructional strategies  to include motivating, informing of objectives and prerequisites,  
presenting information and examples, providing practice and feedback and summarising 
lessons (Hampton and Reiser 2004).  
A thorough review of literature on graduate-student teacher development programmes 
has revealed that there is a tendency for such programmes to adopt a transmission model 
of teacher education. This model of teacher education features the transmission of 
knowledge about what good teaching is and what good teachers do as teachers are 
viewed as objects rather than as knowing professionals or agents of change (Johnson and 
Golombek 2002). By embracing this criticism of teacher education, this research sought 
to develop, implement and evaluate a graduate-student teacher development programme 
that prized an alternative method of enhancing the teaching practices of graduate 
students. Instead of relying on the transmission of what good laboratory teaching 
involves or looks like, this research hypothesised that efforts to enhance the sense of 
empowerment experienced by graduate students could concomitantly lead to the 




Table 2.1 Research on Chemistry Graduate-Student Teacher Development Programmes 
Author Programme Features Method of Evaluation Findings 
Nurrenbern et 
al. 1999 
Four-day orientation program: diversity issues, professional 
ethics, and chemical safety. One and one-half days of teaching-
related activities include laboratory activities. Graduate also 
attended twice-weekly faculty meetings (discussion and sharing 
of classroom experiences, asking questions, making suggestions).  
Student and GTA 
questionnaires 
A continuous development program (use of staff meetings for 
interactive work and discussion on classroom and learning issues, 
preparation for recitation, faculty involvement and support) can be used 
effectively to facilitate improvement of graduate instructors’ teaching 
skills with minimal disruption in their schedules and minimal demand 
on their time. 
Kurdziel et al. 
2003 
Two forms of GTA training: a mandated general training provided 
by university staff for GTAs of all colleges and a training session 
provided by the chemistry department. 
The four-day, chemistry GTA training involves an introduction to 
the department, laboratory facilities, responsibilities and 
expectations of chemistry GTAs, laboratory safety, equipment 
checkout procedures, and what to expect from undergraduate 
students. 
Observations and 
interviews with GTAs 
and faculty 
GTAs’ prior inquiry-based experiences as students affected their 
instructional decisions 
 
GTAs did not have the instructional skills needed in an inquiry-based 
environment 
 
GTAs had ill-formed conceptions about how students learn 
Hampton and 
Reiser 2004 
Phase 1: Researcher met each TA to establish rapport, discuss 
expectations, and arrange a schedule for data collection and 
review.  Phase 2: Gather student reactions to TAs' instructional 
practices. The researcher observed the TA. Phase 3: The 
researcher and the TA met to review the feedback the students 
and to discuss how that feedback might be used to help improve 
the TA’s instructional practices. Phase 4: Follow-up observation 
and meeting to help the TA if he or she was having any difficulty 




provided to TAs, 
combined with a 
consultation process.  
The feedback and consultation process had a significant impact on 
instructional practices and ratings of teaching effectiveness.  
 
Student learning and student motivation were positively correlated with 
the frequency with which the various instructional activities examined 




8 Week programme focusing on lab experiments and subsequent 
interactions with UGs. Focus of programme: 
1. To manage an effective teaching laboratory in keeping 
with the standards of the Department;  
2. To facilitate students' understanding of the chemical 
concepts underlying the experiments purpose each 
week. Reading and writing assignments assigned 
throughout seminars. Feedback issued to GTAs on 
assessments of video-taped recordings of their lab 
teaching.  
Audio / video data and 
undergraduate student 
feedback 
GTAs may believe that conceptual learning is developed in lectures and 
therefore will not emphasise such learning in the lab. 
 
GTAs need to learn how to guide students' microscopic 
conceptualisation of macroscopic phenomena in the lab. However, some 
GTAs may perceive such to be too energy-intensive.  
 
Students may not initiate conversation with GTAs. 
 
GTAs lacked confidence when explaining conceptual chemistry. 
Marbach-Ad et 
al. 2012 
A six-week mandatory course. The course met one evening a week 
for 2 h. The six weekly sessions involved experienced GTAs and 
faculty members sharing stories of real incidents from their 
teaching experience. Following the stories, general teacher 
education topics were explored (GTA responsibilities, the student-
Student and GTA 
questionnaires 
Feedback from the course was very positive and GTAs reported that they 
see the benefits of the course immediately afterward and even more so 
after they have taught for several semesters. The course achieved its 
three main objectives: 
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GTA relationship, grading, communicating with students, 
modelling diverse methods for presenting material.)  
1. Building a community for the new GTAs and socializing them 
into the department. 
2. Modelling teaching with well-documented, innovative 
teaching and learning techniques. 
3. Helping GTAs to understand their roles within the department 
and their specific course 
Pentecost et al. 
2012 
Three day training programme. The goals of the programme 
included: 
1. Facilitate implementation of student-centred recitation 
model.  
2. Support TA professional development. The activities 
included engagements with chemistry concept surveys 
and content sessions as well as engagements with 
learning theory.  




The new training program provided TAs with more confidence and skills 
in implementing a student-centred recitation model. Students are spent 
more time working in groups. The faculty interview data suggest that 
the new training is fostering the development of the TAs by providing 
support for them in their teaching. The TAs might be interpreting this 
support as an indication of the importance of this aspect of their 
graduate education training. 
Richards-Babb 
et al. 2014 
The course met one evening per week for 100 min and also 
required participation in a series of online (e.g., discussions and 
article reviews) and off-line (e.g., delivery of chemistry review 
session) educational experiences. The course addressed current 
issues and trends in chemistry education, familiarized students 
with chemistry lecture and laboratory resources, and allowed 
students to practice their college teaching skills 
Likert survey and 
open-ended questions 
Course components perceived as most useful: (i) preparation and 
presentation of review session, (ii) preparation of student final project, 
and (iii) preparation of teaching philosophy. GTAs perceived this course 
as being useful to their long term career goals of teaching at the 
postsecondary level. It enhanced their teaching portfolios and improved 
their marketability for academic jobs. 
Wheeler et al. 
2015,  
The training began with a week-long initial workshop (~25 
contact hours) followed by fourteen weekly follow-up meetings 
during each semester (~30 contact hours per semester, 60 contact 
hours), totalling 85 contact hours. TAs began the week-long 
training by getting to know each other and small group and whole 
group discussions about the course and TA expectations. A major 
component of the training was TAs completing each project as 
students to prepare for the semester. TAs worked in collaborative 
groups where new TAs (novices) and experienced TAs 
(transitional) interacted as they planned, experimented, and 
analysed data as students would for each project. TAs also 
completed a session on discourse during the weeklong training. 
This component, not included in the literature as an effective 
component of TA training, was added to emphasize the cognitive 
apprenticeship model. During each weekly follow-up meeting, the 
researcher discussed the practicalities of the following week's 
experiment. This included safety, waste management, grading 
issues, and agenda for the laboratory (i.e. whether it was planning 
or presentation day).  
GTA surveys and 
interviews 
Results suggest both prior experiences with teaching, content, and 
English language may play a role in how TAs perceived training. 
Differences in TAs' experiences made some components more helpful to 
some groups of TAs and less helpful for other groups. The more 
authentic components of TA training (e.g., completing experiments and 
grading) and the components that allowed international TAs to better 
understand their role (e.g., supporting documents) were initially the 
most helpful components. TAs with some teaching experience were 
more willing to participate in the community of practice than TAs with 
no teaching experience 
Wheeler et al. 
2016 
GTA survey (content 
knowledge and beliefs 
about teaching) and 
student (content 
knowledge) surveys 
Results demonstrate that TAs' content knowledge improved following 
PD and teaching and students' content knowledge significantly 
improved across the semester. Further, TAs with higher content 
knowledge post-PD tended to have students with higher end-of-
semester content. No differences existed between UTAs or GTAs on any 
TA characteristic or student outcome measure. Using a hierarchical 
linear regression model, student post-semester content knowledge was 
predicted by student demographics; however, no TA characteristics or 
demographics were significant predictors of student content 
knowledge. Students who perceived their TA as more supportive also 
believed they learned more content  
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2.2.2 Empowerment  
Power 
At the root of empowerment is power and according to Nyberg (1981), "The idea of power 
has lain more completely neglected in education studies than in any other discipline that is 
of fundamental social interest" (1981, p. 63). As a multi-faceted concept that is central to 
understanding people, their motives, their goals and their actions (Common 1983), many 
scholars have postulated the meaning of power. According to Lukes (1986), having power 
means that one has the ability to make a difference to the world. Other conceptualisations 
of power allude to the ability it affords an individual to have an influence on agenda 
setting and decision making (Bachrach and Baratz 1963, Stone 1980). Ashcroft (1987) 
considers power as a personal construct that "develops or stagnates in a social 
environment, and it functions in a social as well as a personal sphere; yet it is fundamentally 
a personal construct" (1987, p.148). Here, power is deemed to be intrinsic to individuals 
however, Arendt (1970) contends that "Power is never the property of an individual, it 
belongs to a group and remains in existence only so long as the group keeps together" (1970, 
p.44).  
Foucault (1980) considers power as an inherently latent phenomenon that sees 
"individuals circulate between its threads; they are always in the position of simultaneously 
undergoing and exercising this power. They are not only its inert or consenting target; they 
are always also the elements of its articulation." (1980, p.98). Foucault presents power as 
a system that ebbs and flows amongst individuals who are perceived as vehicles of power. 
As vehicles of power, these individuals fuel the ebbs and flows of power. In contrast, 
Giddens interprets power to be intrinsic to human agency. Giddens describes how the 
concept of agency concerns "events of which an individual is the perpetrator, in the sense 
that the individual could, at any phase in a given sequence of conduct, have acted differently. 
Whatever happened would not have happened if that individual had not intervened" (1979, 
p.9). As such, for an individual to have power, they would have the capability to act in a 
way that would make a difference. Individuals who cease or lose this capability to make 
a difference reduce their agency and ability to exercise power. Unlike Foucault who 
considers power as an all-inclusive but latent phenomenon, Giddens acknowledges 
individuals as conscious and knowledgeable beings with the ability to create, influence 
and limit power (Giddens 1979). In the context of graduate-student teacher development, 
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inherent contributions may be made towards the enhancement of graduate students' 
teaching capabilities if they are viewed as conscious and knowledgeable beings with the 
agency to make a difference to laboratory learning provided the appropriate conditions 
are nurtured for them to develop a sense of empowerment to do so. 
Empowerment  
Empowerment is a nebulous concept with many different interpretations. Rappaport 
(1987) considers empowerment as “a belief in the power of people to be both the masters 
of their own fate and involved in the life of their several communities." (1987, p.142), Unlike 
this perception of empowerment as a belief, Conger and Kanungo (1988) consider 
empowerment as a process seeking to nurture efficacy that involves "enhancing feelings 
of self-efficacy among organizational members through the identification of conditions that 
foster powerlessness and through their removal by both formal organizational practices 
and informal techniques of providing efficacy information" (1988, p.474). Elsewhere, 
Zimmerman (1995) also considers empowerment as a process that is characterized by 
the affordance of opportunities for people to control their own destiny and to influence 
the decisions that affect their lives (1995). Similarly, Lightfoot (1986) perceives the 
opportunistic facet of empowerment involving the affordance of opportunities people 
have for autonomy, responsibility, choice and authority. According to Kieffer (2014), not 
only should empowerment involve acquiring new practical skills, it should also involve 
individuals being afforded opportunities to reconstruct deeply engrained personal 
systems of social relations. 
Teacher Empowerment 
Within an educational context, the empowerment of teachers at an institutional level is a 
process whereby individuals  “develop the competence to take charge of their own growth 
and resolve their own problems” (Short 1994, p.488). On an individual level, Bogler and 
Somech (2004)   conceptualise teacher empowerment as the “individual’s belief that they 
have the skills and knowledge to improve a situation in which they operate” (2004, p. 278). 
According to Short (1994) , the six dimensions of teacher empowerment include the 
provisions of; (i) decision making, (ii) teacher impact, (iii) teacher status, (iv) autonomy, 
(v) opportunities for professional development and (vi) teacher self-efficacy. Research 
has associated many desirable outcomes with the empowerment of teachers such as 
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heightened job satisfaction (Rinehart and Short 1994, Wu and Short 1996, Zembylas and 
Papanastasiou 2005, Khany and Tazik 2016), self-esteem (Lee and Nie 2014), 
professional and organisational commitment (Wu and Short 1996, Dee et al. 2003, Bogler 
and Somech 2004) and reduced dysfunctional resistance (Vecchio et al. 2010).  However, 
research has struggled to associate direct links between teacher empowerment and 
positive student learning outcomes. The findings of a study by Marks and Louis (1997) 
showed how the affordance of decision making opportunities relating to teaching and 
learning decisions (Sweetland and Hoy 2000) in a professional teaching community that 
has collective responsibility for student learning (Marks and Louis 1997) were important 
factors to be considered for teacher empowerment to have a positive influence on student 
performance. 
Psychological Teacher Empowerment 
While individual teacher empowerment has been examined at length from the 
institutional level within the social structure of the school (Sweetland and Hoy 2000), less 
focus has been placed on the individual, psychological component of the teacher 
empowerment process (Dee et al. 2003, Lee and Nie 2014). Recognising and embracing 
the individual is inherently important in the context of empowerment as Spreitzer (1995) 
claims that structurally empowering conditions cannot be fully realised unless the 
individual is psychologically receptive.  According to Zimmerman (1995), the process of 
psychological empowerment involves generating belief in individuals that they can 
achieve goals as well as making them aware of the factors that influence their efforts to 
achieve such goals. In validating the postulations of Conger and Kanungo (1988) and 
Thomas and Velthouse (1990), Spreitzer (1995) empirically validated psychological 
empowerment as a construct that manifests in four intrinsic motivational cognitions and 
active orientations to an individual’s work: (i) Impact, (ii) Competence, (iii) Autonomy 
and (iv) Meaningfulness (Spreitzer, 1995). Impact is the behaviour that an individual has 
to make a difference to influence strategic, administrative or operating outcomes 
(Ashforth 1989). Competency is an individual’s belief in his or her capability to perform 
activities with skill (Bandura 1986, Gist 1987). Autonomy is an individual's sense of 
having choice in initiating and regulating actions (Deci et al. 1989). Meaningfulness is the 
value of a work goal or purpose, judged in relation to an individual’s own ideals or 
standards (Thomas and Velthouse 1990). While the affordance of decision making and 
24 
 
professional development opportunities along with the enhancement of teacher status 
are the other three dimensions of teacher empowerment (Short, 1994), it is noteworthy 
that the ‘meaningfulness’ cognition of psychological empowerment (Thomas and 
Velthouse, 1990) is not considered as a dimension of teacher empowerment (Short, 
1994). Since the development of Spreitzer’s Psychological Empowerment theory in 1995, 
two studies have since empirically supported the validation and reliability of the theory 
(Kraimer et al. 1999, Uner and Turan 2010).  
Throughout the literature on the psychological empowerment of teachers, there has been 
a prevailing focus on identifying and analysing features of school life that influence their 
sense of psychological empowerment (Dee et al. 2003, Moye et al. 2005, Lee and Nie 2014, 
Khany and Tazik 2016). The four motivational cognitions of psychological empowerment 
are found to mediate relationships between teachers’ perceptions of immediate 
supervisors’ empowering behaviours and their work-related outcomes such as job 
satisfaction, organisational commitment and professional commitment (Lee and Nie 
2014). However, the competence cognition did not mediate the relationship between 
teachers’ perceptions of principals’ empowering behaviours and such work-related 
outcomes (Lee and Nie 2014). Elementary teachers who perceived higher levels of 
autonomy, meaningfulness and impact had higher levels of inter-personal trust in their 
principals and those who found their work to be more meaningful, to have more 
autonomy and who feel an influence on what happens in departments have higher levels 
of interpersonal trust (Moye et al. 2005). For elementary  / primary school teachers 
working together with similar disciplinary backgrounds or interest in similar educational 
issues has a positive influence on their sense of autonomy, impact and meaningfulness 
but it has no significant influence on their competence which is a function of teachers’ 
education level and years of teaching experience (Dee et al. 2003). Elsewhere, 
psychological empowerment directly relates to secondary school teachers’ job 
satisfaction however, the trust teachers have in their principals, colleagues, students and 
parents is indirectly related to job satisfaction through psychological empowerment 
(Khany and Tazik 2016).  
Three trends emerge from this research on the psychological empowerment of teachers. 
Firstly, the majority of this research is carried out with elementary / primary school (Dee 
et al. 2003, Moye et al. 2005) and secondary (Khany and Tazik 2016) school teachers. 
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Little, if any, research has been carried out on the psychological empowerment of those 
who teach in higher education, particularly, graduate students who teach in the 
undergraduate chemistry laboratory. Secondly, quantitative research methods 
predominate these educational studies on psychological empowerment, but quantitative 
measures also predominate other studies on psychological empowerment in other fields 
(Kennedy et al. 2015). This may have been influenced through the empirical validation of 
the psychological empowerment construct to manifest in four separate intrinsic 
motivational cognitions (Spreitzer 1995). Thirdly, research investigating processes that 
result in the enhancement of individuals’ sense of psychological empowerment is 
minimal (Kennedy et al. 2015). 
Empowerment Processes  
A search of the literature found one programme that resulted in enhanced levels of 
psychological empowerment and decreased levels of burnout in oncology nurses  (Özbaş 
and Tel 2016). The programme that facilitated the enhancement of their psychological 
empowerment levels included discussions about group contract, coping with stress and 
cognitive distortion, relaxation techniques, problem solving, self-recognition, empathy, 
dispute resolution, assertiveness training and reflecting on their previous empowering 
experiences (Özbaş and Tel 2016). It goes uncontested that any process of empowerment 
is a developmental process (Kieffer 1984, Rappaport 1987, Conger and Kanungo 1988, 
Foster-Fishman et al. 1998, McWhirter 1998, Laverack and Wallerstein 2001, Cattaneo 
and Chapman 2010). Early works on describing the empowerment process suggests that 
it can be conceptualised in five stages: (i) diagnosing conditions that are responsible for 
feelings of powerlessness among subordinates, (ii) employing managerial strategies and 
techniques to address such powerlessness, (iii) providing self-efficacy information, (iv) 
nurturing empowering experiences for subordinates and (v) observing the behavioural 
effects of empowerment  (Conger and Kanungo 1988). Personal evaluation and cognitive 
structuring along with the revaluation of a problem to form a new perspective and adopt 
a new approach are two factors that are figured to be conducive in empowering 
individuals (Quinn and Spreitzer 1997). More recently, Cattaneo and Chapman (2010) 
suggest that empowerment is an iterative process, involving personally meaningful and 
power-orientated goals, self-efficacy, knowledge, competence, action and impact. The 
essence of this process involves individuals setting goals, carrying out actions towards 
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the achievement of their goals, observing and reflecting on the impact of their actions in 
relation to their goals (Cattaneo and Chapman 2010).   
Although existing research evidences the factors that influence the sense of psychological 
empowerment of teachers in primary and secondary levels of education, little research 
has investigated the sense of the sense of psychological empowerment of those who teach 
in higher education, particularly, graduate students who teach in the undergraduate 
chemistry laboratory. Further, no research has identified whether the psychological 
empowerment of graduate students could influence meaningful learning in the 





2.2.3 Meaningful Learning in the Chemistry Laboratory 
Theories of Meaningful Learning 
Throughout the literature, there are contestations in regard to what meaningful learning 
entails. According to Mayer (2002), meaningful learning "occurs when students build the 
knowledge and cognitive processes needed for successful problem solving" (2002, p.227). 
Cortright et al. (2005) considers meaningful learning to involve the development of 
abilities to solve novel problems or extending what has been learned in one context to 
new contexts (Cortright et al. 2005). Both perceptions of meaningful learning emphasise 
cognitive processes such as problem solving, however, recent chemistry education 
research is acknowledging the significance of affective learning experiences during 
pursuits of learning (DeKorver and Towns 2015). Unlike the theories of meaningful 
learning postulated by Mayer (2002) and Contright et al. (2005), Novak's theory of 
meaningful learning, stemming from Ausubel's assimilation theory, considers affective 
learning experiences as integral to meaningful learning experiences (Novak 2010).    
With roots in the constructivist approach to learning, Ausubel’s assimilation theory 
claims that meaningful learning is comprised of a process of assimilating new concepts 
and propositions into existing conceptual and propositional frameworks (Novak and 
Cañas , Ausubel 1963, Ausubel 1968). As such, learning that involves the connection of 
new concepts to existing prior knowledge is deemed to be a meaningful learning 
experience. This theory of meaningful learning is contrasted against rote learning that 
simply involves the memorisation of new concepts (Ausubel 1963, Ausubel 1968, Bretz 
2001). Novak built upon Ausubel’s assimilation theory of learning to claim that 
meaningful learning involves “the constructive integration of thinking, feeling and acting 
leading to human empowerment for commitment and responsibility”  (Novak 2010, p.18). 
Bretz (2001) defined the three domains of learning from Novak’s theory of meaningful 
learning within the context of chemistry teaching and learning. Here, cognitive learning 
experiences include students’ knowledge of concepts and their reasoning skills. Affective 
learning experiences includes students’ attitudes and motivations. Finally, psychomotor 





Research into Meaningful Learning in the Chemistry Laboratory 
Ausubel and Novak’s theories of meaningful learning has recently drawn considerable 
attention from the chemistry education research community (Bretz 2001, Grove and 
Bretz 2012, Brandriet et al. 2013, Bretz et al. 2013, DeKorver and Towns 2015, Galloway 
and Bretz 2015b, Galloway et al. 2015). A summary below of this research indicates how 
affective learning experiences can take precedence over cognitive and psychomotor 
learning experiences. Laboratory video recordings and student interviews revealed how 
students’ affective learning goals, such as enhancing their levels of enjoyment, confidence 
and satisfaction of finishing early superseded their cognitive and psychomotor learning 
goals (DeKorver and Towns 2015).  In contrast, another research study indicated how 
faculty tend to emphasise cognitive learning goals over affective learning goals during 
chemistry laboratory sessions (Bretz et al. 2013). Here, cognitive goals where articulated 
by faculty to include relating laboratory learning to content presented during lectures 
and to students’ everyday lives, developing students’ conceptual understanding, 
developing cross-curricular links to other sciences while also developing students’ ability 
to analyse critically and to communicate to the scientific community (Bretz et al. 2013). 
However, faculty / academic staff did acknowledge making connections to the real world, 
engaging in collaboration, and gaining independence as affective goals for laboratory 
learning (Bretz et al. 2013). Galloway et al. (2015) shows how students’ affective 
experiences in the chemistry laboratory tended to affect students’ cognitive and 
psychomotor experiences. Here, the most common words that students used to describe 
their affective experiences in the laboratory were ‘interested’, ‘challenged’, ‘frustrated’, 
‘confused’ and ‘nervous’ (Galloway et al. 2015). The identification of disparate 
perceptions of cognitive and affective expectations for students’ laboratory courses was 
acknowledged to create a hindrance for the nurture of meaningful learning, especially 
when unfulfilled cognitive expectations are combined with the fulfilment of negative 
affective expectations (Galloway and Bretz 2015b). Further, an investigation that 
provided statistical evidence for the construct of meaningful learning to constitute in the 
three domains of learning revealed that the weakest correlational relationship was between the 
cognitive and the psychomotor domains (Brandriet et al. 2013).  The study concluded with an 
emphasis placed on the necessity for students to feel and to grow in the affective domain in order to 
have meaningful learning experiences (Brandriet et al. 2013).  Apart from the application of 
Novak’s theory of meaningful learning throughout chemistry education research, much 
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research provides rich insight into students’ learning experiences within their affective, 
cognitive and psychomotor learning domains.  
Affective, Cognitive and Psychomotor Laboratory Learning Experiences  
As research indicates the prominence of affective laboratory experiences in respect to 
students’ cognitive and psychomotor experiences, prior to the 1990’s, science education 
research qualified the importance of laboratory learning experiences based on their 
positive contributions to students’ affective learning domain such as the promotion of 
positive attitudes in science (Bates 1978, Hofstein and Lunetta 1982, Okebukola 1986, 
Milner et al. 1987). However, students can experience an array of  affective variables such 
as anxiety (Abendroth and Friedman 1983, Bowen 1999, Eddy 2000, Oliver-Hoyo and 
Allen 2005) interest (Klatt and Sheafer 1974, Hofstein et al. 1976, Abrahams 2009), 
positive attitudes (Okebukola 1986, Oliver-Hoyo and Allen 2005, Abdullah et al. 2009, 
Richter-Egger et al. 2010, Yoon et al. 2015), motivation (Wellington 2005, Abdullah et al. 
2009, Abrahams 2009) and their feelings of shock and confusion when experiencing the 
laboratory for the first time (Sandi-Urena et al. 2011b). While laboratory activities are 
described as a means to “appeal as a way to learn with understanding and, at the same 
time, engage in a process of constructing knowledge by doing science”(1990, p.405), 
research has “failed to show a simplistic relationship between experiences provided to the 
students in the laboratory and learning science” (Hofstein 2004, p.249).  
With respect to students’ cognitive learning experiences, the laboratory has received 
criticism due to its perceived inadequacy, as an educational resource in helping students 
to gain further insight and understanding into fundamental chemical concepts (Bates 
1978, Blosser 1980, Hofstein and Lunetta 1982, Hodson 1991, Hawkes 2004, Hofstein 
and Lunetta 2004, Reid and Shah 2007). Hawkes (2004) even goes as far as questioning 
the place of the laboratory in learning science. However, amongst these scrutinising 
criticisms, a science curriculum that excludes the laboratory altogether is unthinkable to 
many modern day teachers and curricula developers. An example of a concern held 
against the efficacy of the learning in contributing to positive advancements in students’ 
cognitive learning experiences is their fluid interpretation and understanding of 
observable macroscopic events on sub-microscopic and symbolic levels (Johnstone 1982, 
Gabel 1993, Alex H Johnstone 1993, Kozma and Russell 1997, Johnstone 2000, Nelson 
2002, Treagust et al. 2003, Bucat and Mocerino 2009, Gilbert and Treagust 2009, Tan et 
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al. 2009, Treagust and Chandrasegaran 2009, Tsaparlis 2009). Laboratory instructors, 
can often assume that undergraduate students already possess the ability to interpret 
and understand macroscopic events on sub-microscopic and symbolic levels (Gabel 
1999).  
With respect to students’ psychomotor learning experiences, the development of 
practical skills has historically featured as a prime aim of laboratory work throughout 
many stated aims of laboratory work; ‘Providing actual contact with materials’ 
(Schlesinger 1935), ‘Carrying out of the experiment, in which the student makes decisions 
about investigative techniques and manipulates materials and equipment’ (Kempa and 
Ward 1975), ‘To develop specific manipulative skills, to  give experience in standard 
techniques and to prepare the student for practical examinations’ (Beatty and Woolnough 
1982), ‘To use laboratory skills in performing experiments’ (Kirschner and Meester 1988), 
The development of ‘safety, hazards, risk assessment, procedures, instruments, observation 
of methods’ (Carnduff and Reid 2003), ‘scientific practical skills’ (Hofstein and Lunetta 
2004) and the ‘opportunity to handle equipment and chemicals, to learn safety procedures, 
to master specific techniques, to measure accurately and to observe carefully’ (Reid and 
Shah 2007). While there is widespread acknowledgement of the value of laboratory work 
in developing students’ practical skills, difficulties have prevailed in appropriately 
assessing the development of their practical skills (Seery et al. 2017). However, recent 
research is investigating the efficacy of novel approaches to the assessment of students’ 
practical skills. Digital Badging is a process designed to promote the enhancement of 
undergraduate students’ practical skills that involves undergraduate students submitting 
a video of their practical skills to a virtual laboratory environment for grading (Towns et 
al. 2015, Hensiek et al. 2016, Seery et al. 2017). In particular, one study indicates the 
advantages of watching exemplar videos of practical skills prior to their laboratory 
session towards positive self-ratings of knowledge, confidence, experience and improved 
performances in laboratory surveys relating to laboratory skill (Seery et al. 2017).  
However, despite the wealth of research involving the investigation of Novak’s theory of 
meaningful learning in the context of the undergraduate chemistry laboratory, little 
research has investigated the role of graduate students who teach in the chemistry 
laboratory in influencing students’ cognitive, psychomotor or affective learning 
experiences. Further, little is known about how these graduate students can be 
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sufficiently equipped to enhance meaningful learning in the undergraduate chemistry 
laboratory.  
2.3 Conclusion 
This chapter provides a concise overview of the literature pertaining to the three main 
concepts that have comprised a conceptual framework in order to guide this research. 
Existing programmes developed with the intention of enhancing the teaching practices 
of graduate students who teach in the undergraduate chemistry laboratory tend to rely 
on a transmission model of teacher education that involves the transmission of what good 
laboratory teaching looks like. However, no research has been conducted that seeks to 
indirectly enhance the teaching practices of graduate students by enhancing their sense 
of psychological empowerment to assume more pronounced self-images as teachers in 
the chemistry undergraduate laboratory. Further, no research has provided insight into 
how graduate students could facilitate, or be equipped to facilitate meaningful learning 
in the chemistry undergraduate laboratory. As such, the objectives of this research 
include:   
1. To investigate the alignment of the perceptions of undergraduate students and 
graduate students who teach in the undergraduate chemistry laboratory 
regarding the responsibilities of laboratory demonstrators in addressing 
cognitive, affective and psychomotor learning experiences in the general 
chemistry laboratory. 
2. To consider how the alignment, or misalignment of such perceptions can inform 
the design of a teacher development programme for graduate students who fulfil 
laboratory instructor roles. 
3. To explore how the sense of psychological empowerment experienced by 
graduate students in their laboratory instructor roles influences their teaching 
self-image and behaviours. 
4. To develop a graduate-student teacher development programme that seeks to 
enhance the sense of psychological empowerment experienced by graduate 
students in their laboratory instructor roles. 
5. To investigate the influence of this programme on the sense of psychological 
empowerment experienced by the graduate students and how they perceived it 
influenced their teaching self-image and behaviours 
6. To develop an instructional model that would guide graduate students in 
conceptualising how students learn in a meaningful manner according to Novak’s 
theory of meaningful learning and to inform how they instruct undergraduate 
students in the laboratory. 
7. To evaluate the impact of graduate students’ participation in the teacher 
development programme featuring the implementation of the Meaningful 
Learning in the Laboratory instructional model as well as the simultaneous 
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enhancement of their sense of psychological empowerment on the verbal 




3 Research Design 
3.1 Introduction 
This chapter describes the research design adopted for the purpose of this research. 
Beginning with a statement of the aim of this research, this chapter will go on to account 
for the ontological, epistemological and methodological underpinnings of the research 
paradigms that this research subscribed to. The design of the research methodology, 
regarding the data collection and analysis procedures adopted in each of the four phases 
of this research is described. The issues of reliability, validity and ethical considerations 
will also be addressed.  
3.2 Research Aim  
The aim of this research was to design, implement and evaluate a teacher development 
programme for chemistry graduate students who assist in the delivery of undergraduate 
laboratory sessions. Underpinned by pragmatic philosophy and subscribing to various 
philosophical underpinnings of the positivistic, postpositivistic and constructivist 
paradigms, the design, implementation and evaluation of the Teaching as a Chemistry 
Laboratory Graduate Teaching Assistant (TCL-GTA) programme was carried out over 
four consecutive phases of research (Figure 3.1). Phase 1 of the research involved 
informing the development of the TCL-GTA programme for graduate students who assist 
in the delivery of undergraduate chemistry laboratory sessions. Phase 2 of the research 
involved the design of the TCL-GTA programme. Phase 3 of the research involved the 
implementation of the TCL-GTA programme. Finally, Phase 4 of the research involved the 
evaluation of the TCL-GTA programme. The research objectives addressed in each 
research phase are described in Chapter one (page 5).   
Phase 4
Evaluating the TCL-GTA Programme
Phase 3
Implementing the TCL-GTA Programme
Phase 2
Designing the TCL-GTA Programme
Phase 1
Informing the Development of the TCL-GTA Programme
Figure 3-1: Description of the four phases of this research.  
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3.3 Research Paradigm 
A research paradigm is used to refer to “a world view or to a high-order way of thinking 
about or categorizing the approach or logic that underpins all aspects of a research 
undertaking from the intent or motivations for the research to the final design, conduct and 
outcomes of the research” (Ling and Ling 2016, p.2). Constituted by a set of basic beliefs 
(Coll 2001), a research paradigm guides and directs thinking and action by certain 
philosophical assumptions (Mertens 2014). When choosing a research paradigm, a 
researcher must address three belief systems; the ontological, epistemological and 
methodological belief systems (Guba and Lincoln 1994). Ontological beliefs situate within 
the researcher’s perception of the nature of reality and what can be known about it. 
Epistemological beliefs situate within the researcher’s relationship with the knowledge 
being pursued. Methodological beliefs situate within how the research intends to find out 
whatever they believe can be known. Since these beliefs are simply accepted on faith, 
there is no way to establish their ultimate truthfulness (Guba and Lincoln 1994). This 
researcher believes that more fruitful and compelling insights can be gained from 
merging various research paradigms as opposed to carrying out research under one 
single paradigm of research. Therefore, this research employed a mixed methods 
approach to the collection and analysis of data that drew on various different research 









Phase 1 Constructivism and 
Post-Positivism 
Qualitative and quantitative data collected on an 
individual basis as a means of comparing 
chemistry graduate students' and undergraduate 
students’ perceptions of the chemistry graduate 
students' responsibilities in addressing the 
undergraduate students’ cognitive, affective, and 
psychomotor learning experiences in the non-
inquiry general chemistry laboratory 
Phase 4 Constructivism and 
Post-Positivism 
Qualitative and quantitative data, collected on an 
individual basis was analysed to explore the 
influence of the TCL-GTA programme on the 
sense of psychological empowerment 
experienced by graduate students. 
Phase 4 Constructivism and 
Positivism 
Quantitatively analysing the types, number and 
duration of verbal interactions between 
individual graduate students and individual 
undergraduate students in the laboratory 
 
As such, the following section sets out to explore the ontological, epistemological and 
methodological underpinnings of the positivistic, post-positive, constructivist and 
pragmatic paradigms.  
Positivism  
Stemming from the works of Aristotle and Kant, positivism is a rationalistic and 
empiricist philosophy underpinned by the assumption that social and natural worlds can 
be studied in the same way using a value-free method resulting in outcomes that are of a 
causal nature (Mertens 2014). Positivistic ontology subscribes to belief that immutable 
laws and mechanisms renders reality as apprehendable (Guba and Lincoln 1994). Here, 
reality is knowable as a single objective that is independent of social influence. The 
epistemological underpinnings of positivism are dualist and objectivist as the researcher 
and the object of inquiry are assumed to be independent entities (Guba and Lincoln 
1994).  Therefore, the methodological implications of the positivistic paradigm relies on 
experimental methods from the natural sciences. In aligning to the beliefs of the positivist 
paradigm, it calls for the researcher to remain neutral in preventing values or biases from 
influencing the research (Mertens 2014). For the purpose of this research, a positivist 
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approach was employed during phase 4 of this research for the purpose of analysing the 
verbal interactions between individual graduate students and individual undergraduate 
students in the laboratory throughout the implementation of the TCL-GTA programme. 
Here, the types, number and duration of verbal interactions between individual graduate 
students and individual undergraduate students in the laboratory were empirically 
analysed as documented in publication 3 of this research.  
Post Positivism 
Postpositivism is closely related to positivism, however, postpositivists are sensitive to 
the complexity of reality and to the limitations and biases of researchers despite their 
beliefs in external and objective realities (Check and Schutt 2011). The ontological 
underpinnings of postpositivism subscribes to critical realism that combines beliefs from 
the relativist ontology as well as constructivist epistemology (Maxwell 2012). Relativist 
ontology purports that there is a world that is independent of theories and perceptions. 
On the other hand, constructivist epistemology sets out that our understanding of the 
world is socially constructed from the converge of multiple perspectives (Maxwell 2012). 
Similar to the dualist and objectivist epistemological underpinnings of the positivism 
paradigm, the dualist and objectivist epistemological underpinning of the postpositivism 
paradigm are deemed to be modified in order to acknowledge the limitations and biases 
of researchers (Guba and Lincoln 1994). As such, quasi-experimental methods that 
involve the predomination of quantitative research forms over qualitative research forms 
tend to be employed throughout postpositivistic research (Mertens 2014). For the 
purpose of this research, a post-positivist approach was employed in both phases 1 and 
4 of this research. For the purpose of informing the development of the TCL-GTA 
programme during phase 1, crossover mixed methods, subscribing to the postpositivistic 
paradigm involved the collection of qualitative data that was subsequently quantitatively 
analysed as documented in publication 1 of this research. For the purpose of evaluating 
the impact of the TCL-GTA programme during phase 4, both qualitative and quantitative 
data was collected and analysed in exploring the influence of the TCL-GTA programme on 
the sense of psychological empowerment experienced by graduate students as 
documented in publication 2 of this research.  
The Constructivist Paradigm 
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The constructivist paradigm draws on the philosophical underpinnings of interpretism 
that sets out that in order for one to understand this world, one must interpret it. In doing 
so, the inquirer elucidates a process of meaning construction that involves the generation 
of meaning from the language and actions of social actors (Schwandt 1994). 
Constructivism can be summed up in two principles (Wheatley 1991). The first principle 
explains how knowledge is not passively received, but it is actively built up by the 
cognizing subject. The second principle explains how the function of cognition is adaptive 
and serves the organisation of the experiential world, not the discovery of ontological 
reality (1991, p.10). The ontological underpinnings of the constructivism paradigm are 
inherently relative whereby “realities are apprehend-able in the form of multiple, 
intangible mental constructions, socially and experientially based, local and specific in 
nature although elements are often shared among many individuals and dependent for their 
form and content on the individual persons or group holding the constructions” (Guba and 
Lincoln 1994, p.111). Therefore, mental constructions of knowledge can be apprehended 
and conflicted as perceptions of reality can change throughout the research process 
(Mertens 2014). The constructivist paradigm subscribes to a subjectivist epistemology 
whereby the social world is viewed as being highly personal and humanly created (Cohen 
et al. 2011).  As such, the researcher and the object of investigation interact together 
towards the construction of new knowledge and insight. The epistemological assumption 
of the constructivist paradigm is that data, interpretations and outcomes are uniquely 
attributed to individuals in a given context (Mertens 2014). Therefore, qualitative 
research methods dominate the constructivist research paradigm. Such methods 
subscribe to hermeneutical and dialectal approaches that feature the convergence of 
multiple perspectives towards yielding better interpretations of meanings (Guba and 
Lincoln 1994, Mertens 2014). In all stages of the research, the researcher endeavoured to 
acknowledge the uniqueness of each individual in their capacities as either 
undergraduate or graduate students. As such, data was collected and analysed from 
individual undergraduate and graduate students as a means of embracing and respecting 
their individuality. However, due to the volume of data that was collected from 
individuals throughout this research, it was necessary to quantitatively analyse some 
data. As such, the pragmatic research paradigm facilitated the merging of positivistic, 
postpositivistic and constructivist paradigms for the purpose of this research.   
 Pragmatic Philosophy and Mixed Methods Research 
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Howe (1988) argued against the incompatibility of both quantitative and qualitative 
methods to defend the compatibility of both methods that rested on a pragmatic 
philosophy. Pragmatic philosophy is conceived from Charles Sanders Peirce’s conception 
of “a unitary system of logic in all its parts” (cited by Turrisi’s introduction to Peirce (1997, 
p.1)), informed by the works of William James and John Dewey (Peirce 1974, Peirce 
1997). Within the context of research, pragmatism provides a useful middle position 
philosophically and methodologically in its offer of “practical and outcome-oriented 
method of inquiry that is based on action and leads, iteratively, to further action and the 
elimination of doubt; and it offers a method for selecting methodological mixes that can help 
researchers better answer many of their research questions” (Johnson and Onwuegbuzie 
2004, p.17). 
Pragmatic research seeks to find out what works or to contribute insight towards issues 
or needs and as a result, its ontology can be elusive since it is not constrained by a 
particular view of reality (Ling and Ling 2016). However, Ling and Ling (2016) considers 
the ontology of pragmatic research in perceiving the “value of knowledge as it serves the 
practical reality of a valued and sought after outcome or end” (2016, p.31). As such, the 
reality of the researcher derives from their understanding of the research outcome and 
its ability to address a problem or to contribute insight towards issues or needs. In 
addressing problems or contributing insight towards issues or needs, pragmatic research 
does not situate within one version of truth or any way of constructing knowledge (Ling 
and Ling 2016). Therefore, the epistemology of pragmatic research guides the 
researchers’ employment of the necessary methodological approaches and tools that are 
sufficient in addressing problems or contributing insight towards issues or needs.  
Employing a mixed methods approach to research can satisfy the philosophical 
underpinnings of the pragmatic paradigm of research (Teddlie and Tashakkori 2009, 
Tashakkori and Teddlie 2010). In its inclusiveness, pluralistic, complementary and 
ultimately eclectic approach to methods selection, mixed methods research is defined as 
a “class of research where the researcher mixes or combines quantitative and qualitative 
research techniques, methods, approaches, concepts or language into a single study.” 
(Johnson and Onwuegbuzie 2004, p.17). The mixed methods approach to research hinges 
upon the characteristics of quantitative research that include deduction, confirmation, 
prediction and the collection and statistical analysis of data as well as qualitative research 
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characteristics that include induction, discovery, exploration and the use of the 
researcher as the primary instrument of data collection and analysis (Johnson and 
Onwuegbuzie 2004). Choosing a particular mixed-methods research design relies on the 
emphasis that the research paradigm places on qualitative and quantitative forms of 
research as well as the sequence in which each form of research occurs. For example, if a 
research paradigm places equal status on both forms of qualitative and quantitative 
research, then a concurrent time order would involve both forms of research being 
carried out simultaneously while a sequential time order would involve one form of 
research preceding the other form of research. If a research paradigm places a dominant 
status on either form of research, then a concurrent time order would involve one form 
of research being dominant in preceding the other form of research while a sequential 
time order would involve one form of research being dominant in continuously informing 
the other form of research (Johnson and Onwuegbuzie 2004).   
3.4 Research Design 
The design of research is governed by the purpose of the research (Cohen et al. 2013). In 
the process of designing research, researchers must consider choices at three levels. 
Firstly, the method involves the selection of appropriate types of data and of appropriate 
strategies for collecting and analysing those data. Secondly, the methodology are the 
theories that explain why the methods used provide warrant for inferences from the data 
to be collected and analysed, to the kind of explanation or interpretation required by the 
research questions. Finally, the philosophy of social science is the account of the status of 
the explanations and interpretations, and the justifications presented for granting them 
that status (Perri6 and Bellamy 2011, p.64). Philosophical issues are integral to 
methodology and a frequent assumption is that methodology is a combination of 
philosophical issues and methods. However, philosophical issues provide researchers 
with a means of understanding what claims they make, providing a rationale for the 
particular design of a research study and in the warrant of inferences made from the 
research (Perri6 and Bellamy 2011).  
The philosophical connotations of the pragmatic research paradigm are suited to 
underpinning a mixed methods research approach (Teddlie and Tashakkori 2009, 
Tashakkori and Teddlie 2010). A mixed methods research approach facilitated the four 
phases of this research whereby quantitative and qualitative forms of research in 
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subscribing to positivistic, postpositivistic and constructivist paradigms of research were 
employed. The researcher believes that subscribing to multiple paradigms of research, as 
opposed to the subscription to just one paradigm of research serves to address the aim 
of this research in an appropriate and robust manner.  The philosophical issues that 
guided the researchers’ developing understanding of the problem space and subsequent 





3.4.1 Phase 1: Informing the TCL-GTA Programme 
Publication 1 (See Page 67): Aligning Perceptions of Laboratory Demonstrators’ 
Responsibilities to Inform the Design of a Laboratory Teacher Development Program. J. 
Chem. Educ. 2017, 94, 1007−1018. 
The first article of this research, published in the Journal of Chemical Education, 
documents Phase 1 of this research. This phase of research involved the collection of both 
quantitative and qualitative data as a means of comparing chemistry graduate students' 
and undergraduate students’ perceptions of the responsibilities of laboratory 
demonstrators in addressing the undergraduate students’ cognitive, affective, and 
psychomotor learning experiences in the non-inquiry general chemistry laboratory. The 
rationale for this research served to inform the development of a teacher development 
programme for the chemistry graduate students who fulfilled laboratory demonstrator 
(LD) roles in the institution that hosted this research.  
Crossover Mixed Methods 
Phase 1 employed a crossover approach of mixed methods research design. This 
approach involves “using one or more analysis types associated with one tradition 
(quantitative analysis) to analyse data associated with a different tradition (qualitative)” 
(Onwuegbuzie et al. 2009, p.118). Unlike parallel mixed research, that consists of the 
concurrent mixing of qualitative and quantitative methods (Hesse-Biber 2010), 
crossover mixed methods features a greater degree of mixing of research methods 
involving a combination of paradigmatic assumptions and stances (Onwuegbuzie et al. 
2009). Here, exploratory factor analysis is used to identify themes emerging from 
qualitative data and then, these themes are sequentially analysed in a quantitative 
manner (Onwuegbuzie et al. 2009).  As such, the nature of crossover mixed methods 
tends to subscribe to the postpositivist research paradigm as it utilises both quantitative 
and qualitative data, but tends to champion quantitative data over qualitative in its 
acknowledgment of its sensitivity to reality and to the limitations and biases of 
researchers (Check and Schutt 2011).  
Participants  
This study involved 224 undergraduate students enrolled in a General Chemistry (GC) 
course and 28 LDs. At the institution which hosted this research, LDs are assigned to 6 
hours of undergraduate laboratory sessions per week as per their graduate contract and 
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its GC curriculum involves a 2-hour undergraduate laboratory session every second 
week. A typical GC laboratory session involving 60 undergraduate students and 4 LDs 
follows a traditional, non-inquiry pedagogical approach whereby the GC course leader 
gives UG students a pre-laboratory briefing prior to following a step-by-step 
experimental procedure that is detailed in a laboratory manual. The extent of teacher 
development that is available to LDs is limited to an optional safety briefing at the 
beginning of the academic year. It is also optional for course leaders to brief the LDs 
regarding various aspects of the procedure or chemical underpinnings of a particular 
experiment prior to the commencement of the laboratory session. LDs are not expected 
or encouraged to interact with undergraduate students nor are they required to teach 
any small classes, tutorials or lessons. LDs do not receive any monetary reward for their 
laboratory duties. Four of the participating LDs acknowledged having previously 
undertaken some form of teacher development during their undergraduate studies 
however, the majority of participating LDs had no previous experience of any form of 
teacher development. 
Data Collection 
In this research, crossover mixed methods facilitated the analysis of the perceptions of 
undergraduate students and LDs toward the responsibilities of LDs in addressing 
cognitive, affective, and psychomotor learning experiences in the general chemistry 
laboratory. Two questionnaires, one for undergraduate students (Appendix 1) and 
another for LDs (Appendix 2), were developed with each questionnaire consisting of two 
parts; part A and part B. Part A facilitated the collection of quantitative data while part B 
facilitated the collection of qualitative data which was quantitatively analysed in line with 
the crossover mixed methods approach (Onwuegbuzie et al. 2009).  Part A consisted of 
10 five-point Likert-scale statements (1 = strongly agree to 5 = strongly disagree). The 
Likert statements in each questionnaire were similar although the stem of the statements 
in each questionnaire was adapted to reflect the capacity of each participant either as an 
undergraduate student or as a LD. To enable individual expression of opinions and 
thoughts, part B of both questionnaires contained an open-ended question that asked, 
“What are laboratory demonstrators responsible for in the laboratory?” The 
undergraduate student questionnaire also asked the undergraduate students a second 
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open-ended question that asked, “What would you prioritise if you were a laboratory 
demonstrator?”  
Validity and Reliability of the Questionnaires 
Three weeks prior to the distribution of the undergraduate student and LD 
questionnaires, the questionnaires were piloted with a separate sample of each 
population cohort for validation and reliability purposes. Participants involved in this 
pilot study consisted of 58 GC undergraduate students, 5 LDs, 2 science education 
experts, 2 GC course leaders and the chief technical officer of the laboratory where the GC 
laboratory sessions were held. All of the pilot study participants were asked to complete 
the instruments as well as providing feedback on the phrasing of the questionnaire 
statements and questions as a means of assessing the suitability of the statements and 
questions in terms of their phrasing, relevance to the study and contribution they would 
make to the field of science education. Necessary adaptations included rewording two 
statements in each questionnaire instrument following the analysis of the pilot study 
findings and the feedback received from pilot study participants. Following the address 
of these necessary adaptions, the adjusted questionnaire instruments were then 
rechecked by the pilot study participants to re-affirm their validity and reliability before 
distributing both questionnaire instruments to the full respective populations of 
undergraduate students and LDs. A Cronbach’s Alpha value was calculated for Part A of 
each adjusted questionnaire. An acceptable Cronbach’s alpha value is 0.7 (McCoach et al. 
2013, Nielsen and Yezierski 2015) and the overall Cronbach alpha value of Part A of the 
undergraduate student questionnaire was found to be 0.735 and 0.788 for Part A of the 
LD questionnaire. 
Data Analysis  
Quantitative Data Analysis: The Software Package for Social Sciences (SPSS v.21) was 
employed for the analysis of participants’ responses to the Likert statements in Part A of 
both questionnaires. The Kolmogrov-Smirnov Test revealed that the data was 
nonparametric. Therefore the Mann-Whitney U test, as a nonparametric test of statistical 
significance in comparing the medians of two sets of scores to determine whether the 
difference between them is statistically significant (Martella et al. 2013), was used to 
compare the differences in the responses of undergraduate students and LDs to the 
44 
 
statements in Part A of the questionnaires. A 0.05 significance level was adopted whereby 
the responses of the undergraduate student and LD cohorts to the questionnaire 
statements which differed by a p value less than 0.05 were deemed to be statistically 
significant (Field 2013). By identifying significant differences in the responses of 
undergraduate students and LDs to the Likert statements, the researchers hoped to gain 
insight into how the perceptions of both cohorts towards the LD responsibilities were 
misaligned. These insights where then used by the researchers to develop a framework 
that would inform the content and structure of a LD teacher development program in 
order to align perceptions of LDs’ responsibilities. It is more appropriate to report 
median values as opposed to mean values for non-parametric tests (Field 2013). 
Qualitative Data Analysis: The researchers collaborated together in using NVIVO 10 
software to facilitate the thematic analysis (Braun and Clarke 2006) of participants’ 
responses to the open-ended questions in Part B of both the undergraduate student and 
LD questionnaires. Thematic analysis involves a five step procedure which consists of the: 
i) familiarization with the data, ii) generation of initial codes, iii) search of themes, iv) 
review of themes and v) definition and naming themes (Braun and Clarke 2006). After 
becoming familiar with the responses offered by both undergraduate student and LD 
cohorts to the open-ended questions, three initial codes were generated which pertained 
to aspects of learning within undergraduate students’ cognitive, affective and 
psychomotor domains of learning. The cognitive code pertained to LDs’ responsibilities 
in addressing undergraduate students’ cognitive learning experiences such as their 
understanding of experimental calculations, reactions and procedures. The psychomotor 
code pertained to LDs’ responsibilities in addressing the practical aspects of laboratory 
sessions including the set-up of experimental apparatus as well as the maintenance of 
laboratory safety. The affective code pertained to LDs’ responsibilities in addressing 
undergraduate students’ affective learning experiences such as perceiving and managing 
how undergraduate students feel in laboratory. Participants’ responses were firstly 
categorized into one of the three codes by the principal researcher. Then, the researcher 
explored the responses that were categorized under each code to search for, review and 
name emergent themes. In order to promote interrater reliability, the themes were 
checked and validated by the other collaborating researchers involved in this study. 
Towards the Design of the TCL-GTA Programme 
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The findings from phase 1 of this research evidenced misalignment in the perceptions of 
LDs’ responsibilities in addressing cognitive, affective, and psychomotor learning 
experiences in the general chemistry laboratory. LDs were not aware of the cognitive, 
affective, and psychomotor barriers to learning encountered by students. Further, LDs 
were not aware of students’ desire for LDs to provide them with the necessary assistance 
to overcome such barriers. Towards the successful publication of phase 1 of this research, 
its findings were presented and discussed in a manner that produced a tangible 
framework that faculty could use to inform teacher development programmes for 
graduate students who assist in the delivery of undergraduate laboratory sessions as 
both LDs and as graduate teaching assistants. The tripartite evidence-align-develop 
framework sets out an approach for faculty to develop graduate students’ teaching 
capability with a view to promoting positive cognitive, affective, and psychomotor 
learning experiences for students during general chemistry laboratory sessions. The 
evidence−align−develop framework encourages faculty to address three sequential steps 
in developing graduate students’ teaching capability to promote positive cognitive, 
affective, and psychomotor learning experiences for students (Figure  3.2). Firstly, 
graduate students should be aware of the barriers to learning faced by undergraduate 
students in the laboratory with respect to each of the three domains of learning through 
being presented with convincing literature. Secondly, expectations of graduate students, 
students, and faculty toward the graduate students’ teaching role in addressing students’ 
three domains of learning in the laboratory need to be aligned. The third aspect of the 
framework sets out to develop graduate students’ teaching capability to nurture learning 




Figure 3-2: Evidence−align−develop framework 
The findings from phase 1 contributed four insights towards the design of the TCL-GTA 
programme: 
1. Graduate students need to be aware of the types of knowledge and experiences 
that features as students’ affective, cognitive and psychomotor learning domains.  
2. Graduate students need to be aware of the barriers to learning faced by students 
in the laboratory with respect to each of the three domains of learning. 
3. Graduate students need to be aware of the misalignment in the perceptions of LDs’ 
responsibilities in addressing affective, cognitive and psychomotor learning 
domains. In particular, graduate students need to be aware of what students 
expect from them in their roles as laboratory demonstrators.  
4. The nurture of students’ affective, cognitive and psychomotor learning domains is 
characteristic of Novak’s theory of meaningful learning (Novak 2010) and as such, 
graduate students need to be appropriately equipped to nurture meaningful 




3.4.2 Phase 2: Designing the TCL-GTA Programme 
Design-Based Research 
In order to design a programme that was suitable towards the achievement of its 
objectives with a particular context, a design-based research approach was adopted 
(Barab and Squire 2004). Design-based research is defined as a “series of approaches, with 
the intent of producing new theories, artefacts, and practices that account for and 
potentially impact learning and teaching in naturalistic settings” (Barab and Squire, 2004, 
pg. 2). One of the motives that underpins the educational design research approach is that 
it offers researchers with a practically relevant means of addressing a specific problem 
that is generalizable to a specific context: “By carefully studying progressive 
approximations of ideal interventions in their target settings, researchers and practitioners 
construct increasingly workable and effective interventions, with improved articulation of 
principles that underpin their impact" (Van den Akker, et al., 2006, pg. 2). In embracing 
the four insights contributed from Phase 1 of this research, the main premise of the TCL-
GTA programme was to enhance the sense of psychological empowerment experienced 
by graduate students in their laboratory teaching roles towards the enhancement of 
meaningful learning in the laboratory. The design-based research approach facilitated 
the development of an empowerment process and an instructional model that sought to 
sufficiently equip the graduate students to facilitate meaningful learning according to 
Novak and Ausubel’s theory of meaningful learning (Ausubel 1968, Novak 2010). 
Teacher Empowerment 
This research sought to develop the teaching capabilities of chemistry graduate students 
in a manner that was alternative from the transmission model of teacher education that 
features the transmission of knowledge about what good teaching is and what good 
teachers do as they are viewed as objects rather than as knowing professionals or agents 
of change (Johnson and Golombek 2002). It was hypothesised that efforts to empower 
the graduate students in their laboratory teaching roles would promote them to assume 
more pronounced teaching self-images and behaviours in the laboratory. According to 
Spreitzer (1995), structurally empowering conditions cannot be fully realised unless the 
individual is psychologically receptive. Therefore, the researcher sought to recognize the 
individuality of each graduate student by acknowledging and valuing the prior teaching 
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experiences, learning experiences, opinions and ideas of each graduate student. In 
generating empowering teacher development conditions for individual graduate 
students during the TCL-GTA programme, the researcher embraced an analogy portrayed 
by Ashcroft (1987). This analogy aligns human capability with potential energy while 
considering the Law of Conservation of Energy. According to this law of thermodynamics, 
energy can neither be created nor destroyed, only transferred from one form to another. 
Therefore, it would infer that human capability, as potential energy, cannot be created or 
destroyed but it can be "transformed, changed, altered, and developed into countless forms 
of human power" (Ashcroft, 1987, p. 149). This analogy was used by the researcher to 
firstly, perceive and believe in the teaching capability and capacity of each individual 
graduate student while secondly, undertaking a role that sought to transform this 
teaching capability and capacity into human power. The role would therefore involve 
nurturing graduate students' belief in their teaching capabilities and capacities instead of 
transmitting information on what good teaching looks like to them. The transformation 
of their teaching capability and capacity into human power would then manifest through 
the pronouncement of their teaching self-images and behaviours in the laboratory. In 
aspiring for this process of empowerment to also promote positive learning experiences 
for students, the researchers chose to employ the conditions for which teacher 
empowerment links to enhanced student performance (Marks and Louis 1997, 
Sweetland and Hoy 2000).  For  teacher empowerment to have a positive influence on 
student performance, the affordance of decision making opportunities relating to 
teaching and learning decisions (Sweetland and Hoy 2000) in a professional teaching 
community that has collective responsibility for student learning is necessary (Marks and 




Figure 3-3: How teacher empowerment can positively influence student achievement; adapted from 
(Marks and Louis 1997)  
Authentic Pedagogy to Make Decisions: Having the opportunity to make decisions and 
the knowledge that their decisions make a difference are features of empowered teachers 
(Sweetland and Hoy 2000). In line with the concept of authentic pedagogy, focusing on 
intellectual standards to inform teaching and learning as opposed to reflecting on 
teaching techniques or processes as the central target of innovation (Newmann et al., 
1996; Marks & Louis, 1997), the TCL-GTA programme did not seek to prescribe specific 
teaching techniques or processes for graduate students to adopt. Instead, the programme 
set out to nurture authentic pedagogy by developing an instructional model for graduate 
students to decide on what they felt undergraduate students should learn in respect to 
their affective, cognitive and psychomotor learning domains (A. Flaherty et al. 2017a). 
During the workshops, graduate students were to be encouraged to reflect, discuss and 
decide on learning outcomes for undergraduate students pertaining to specific general 
chemistry laboratory sessions. It was anticipated that the graduate students would have 
different opinions on the nature of these learning outcomes based on the graduate 
students’ diverse prior learning experiences and areas of research expertise.  
Nevertheless, the researchers felt that it was important to acknowledge the opinions of 
individual graduate students as in order to promote their willingness to guide students 
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to achieve the learning outcomes that they felt were most important within their own 
ideals.  
 
Professional Teaching Community: Professional community is an index of five 
measures; shared sense of purpose, focus on student learning, collaborative activity, 
deprivatised practice and reflective dialogue (Marks and Louis 1997). The TCL-GTA 
programme set out to establish a professional teaching community amongst the graduate 
students by firstly acknowledging their chemical experience, knowledge and technical 
expertise along with their first-hand experience of working with undergraduate students 
during general chemistry laboratory sessions (Sykes 1990). Following this and sitting 
around a round table, the graduate students were then asked to consider how their 
experiences as both demonstrators and as undergraduate students could implicate their 
learning outcome discussions and decisions. Encouraging the graduate students to voice 
their opinions and ideas about how they felt they could contribute to the learning 
environment as teachers in achieving the learning outcomes they decided upon was 
prioritised by the researchers.  
Collective Responsibility: It is argued that preparing chemistry graduate students to 
teach requires them to become acquainted with a teaching responsibility that they may 
not have signed up for when they decided to become scientists (Sandi-Urena and Gatlin 
2012). The nature of a collective responsibility for student learning is operationalised 
through teachers’ efficacy of instructing their students  as well as how they expect their 
students will succeed (Marks and Louis 1997). If teaching lore is to be transformed into 
meaningful professional standards, it is argued that teachers need to discuss and take 
responsibility for resolving immediate, concrete problems of teaching practice (Darling-
Hammond 1988). The TCL-GTA programme set out to develop collective responsibility 
amongst the graduate students for the enhancement of undergraduate students’ learning 
experiences in two ways. Firstly, literature pertaining to the barriers to positive affective, 
cognitive and psychomotor learning experiences that undergraduate students face in the 
laboratory was to be presented to the graduate students. Secondly, in light of the 
prevalence of such barriers, graduate students’ potential to relieve some of these barriers 
was then to be emphasised. The graduate students were encouraged to realise that their 
chemical experience, knowledge and technical expertise made their interactions with 
individual undergraduate students acutely significant. As such, it was to be highlighted 
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that if anyone in the laboratory had the power to enhance individual undergraduate 
students’ learning experiences, it would be the graduate students. 
Meaningful Learning and Science Instructional Models  
To address insight number 4 from Phase 1, associated with the development of graduates 
students’ ability to nurture meaningful learning and the lack of instructional models that 
guides faculty in making instructional laboratory teaching and learning decisions 
(Walker et al. 2011), the Meaningful Learning in the Laboratory (MLL) instructional 
model was developed (Figure 3.4). An instructional model is a tool that guides faculty in 
making instructional decisions (Walker et al. 2011) and the MLL instructional model 
sought to guide graduate students’ conceptualisation of how students learn meaningfully 
in the laboratory, as well as informing how they instruct and interact with students in the 
laboratory.  
The MLL model was developed in line with the Novak and Aubsubel’s theories of 
meaningful learning (Ausubel 1968, Novak 2010). With roots in the constructivist 
approach to learning, Ausubel’s assimilation theory claims that learning is comprised of 
a process of assimilating new concepts and propositions into existing conceptual and 
propositional frameworks (Novak and Cañas , Ausubel 1963, Ausubel 1968). As such, 
learning that involves the connection of new concepts to existing prior knowledge is 
deemed to be a meaningful learning experience. This theory of meaningful learning is 
contrasted against rote learning that simply involves the memorisation of new concepts 
(Ausubel 1963, Ausubel 1968, Bretz 2001). Ausubel’s theory of meaningful learning 
strongly influenced Novak’s theory of meaningful learning (Bretz 2001). Novak built 
upon Ausubel’s theory of meaningful learning to involve “the constructive integration of 
thinking, feeling and acting”  (Novak 2010, p.18). In the context of chemistry education 
research, the prominence of students' affective laboratory learning experiences is taking 
precedence (DeKorver and Towns 2015, Galloway and Bretz 2015a, Galloway and Bretz 
2015b). Feeling good by completing laboratory requirements as well as finishing such 
requirements early are affective goals that over rule students’ cognitive and psychomotor 
learning goals in the laboratory (DeKorver and Towns 2015). Although recognition of the 
significance of affective laboratory learning experiences is growing, faculty have reported 
that they place less emphasis on affective laboratory learning goals in comparison to 
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cognitive and psychomotor laboratory learning goals (Bretz et al. 2013). This literature 
contributed to the development of the MLL instructional model in the following ways: 
 Towards the construction of new knowledge, ascertaining what students already 
know is important. 
 Towards the establishment of meaningful learning conditions in the laboratory, 
students’ affective, cognitive and psychomotor learning domains must be 
stimulated.  
 Towards nurturing learning in the laboratory, particular emphasis needs to 
identify and address learning experiences associated with students’ affective 
learning domain. 
Therefore, as illustrated in Figure 3.4, the MLL instructional model is comprised of six 
questions. Through collectively engaging with each question throughout open 
discussions during a teacher development program, the MLL instructional model seeks 
to guide graduate students' conceptualization of how students learn in a meaningful 
manner in order to inform how they interact and instruct students in the laboratory. Two 
questions are devoted to students’ affective, cognitive and psychomotor learning 
experiences and outcomes for a particular laboratory session. For each of the two 
questions, one question explores students’ prior knowledge and experiences and the 
second question sets out the goals for students’ learning during one particular laboratory 
session in each of their three respective learning domains. The first question related to 
student’s psychomotor learning domain asks graduate students to discuss the practical 
skills they think students have experience of before a particular laboratory session. The 
second question then asks graduate students to discuss the practical skills that they think 
students should develop during a particular laboratory session. A specific aim of the MLL 
instructional model is to encourage graduate students to integrate greater levels of 
conceptual discussion with students as a feature of students’ cognitive learning 
experiences. Therefore, the first question related to students’ cognitive learning domain 
asks graduate students to discuss what they think students will know about what they 
see on a conceptual level before a particular laboratory session. The second question then 
asks graduate students to discuss what they think students should understand about 
what they see on a conceptual level during a particular laboratory session. In line with 
recent literature evidencing the significance of students’ affective laboratory learning 
experiences (DeKorver and Towns 2015, Galloway and Bretz 2015a, Galloway and Bretz 
2015b), the two affective MLL questions are illustrated in Figure 3.4 to supersede the 
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psychomotor and cognitive MLL questions. The first question related to students’ 
affective learning domain asks graduate students to discuss how they think students will 
feel before a particular laboratory session based on the presentation of literature 
reporting to students’ affective laboratory learning experiences. The second question 
then asks graduate students to discuss how they think students could feel at the end of a 
particular laboratory session.  
 
 





3.4.3 Phase 3: Implementing the TCL-GTA Programme 
Phase 3 of this research involved the implementation of the TCL-GTA programme. An 
overview of its implentation, with respect to a description of those who participated in 
the programme, the context in which it was implemented as well as the structure of the 
programme will now be provided.  
Participants and Context 
In order to recruit graduate students to participate in this research, a presentation 
detailing the objectives of this research was made to graduate students who assisted in 
the general chemistry laboratory. Participation in this research was voluntary and four 
female and three male graduate students, ranging in age from 23 to 34 with at least one 
year of experience of fulfilling LD roles in general chemistry laboratory sessions agreed 
to participate. English was the native language of four of the participating graduate 
students while Telugu, Hungarian and Spanish were the native languages spoken by the 
remaining three graduate students. The graduate students were all pursuing laboratory-
based chemistry PhD research programmes in fields including crystal engineering, 
material sciences, biochemistry and pharmaceutical sciences. Three graduate students 
reported to have previously fulfilled one-to-one tutoring roles with undergraduate 
students. However, no graduate student had completed any form of teacher development 
or training before this research. As per their postgraduate contract with the institution 
where the research was carried out, graduate students fulfilled six hours of laboratory 
demonstration duties per week.  Since general chemistry laboratory sessions occurred 
every two weeks, the graduate students fulfilled demonstration duties in other types of 
chemistry undergraduate laboratory sessions during the intervening weeks between 
general chemistry laboratory sessions. Graduate students were informed that in receipt 
of their participation in this research, they would receive a certificate of completion.  
 
All of the participating graduate students in this study had at least one year of experience 
as a laboratory demonstrator in the general chemistry laboratory. Before commencing 
their demonstrating duties, laboratory technical officers briefed the graduate students on 
various laboratory safety precautions and course leaders then briefed the graduate 
students on the procedural aspects of various laboratory sessions. General chemistry 
laboratory sessions occurred on a fortnightly basis. A traditional, non-inquiry 
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pedagogical approach to teaching these laboratory sessions involved the general 
chemistry course leader giving undergraduate students a pre-laboratory lecture on the 
background content knowledge and the procedure for each laboratory practical. 
Undergraduate students then followed a number of sequential procedural steps explicitly 
described in a laboratory manual. A typical laboratory session consisted of 40 to 50 
undergraduate students, of mixed ability and who worked in pairs to complete the 
laboratory tasks. Four to five demonstrators were usually in attendance in each 
laboratory session. Traditionally, the graduate students’ demonstrator role involved 
supervising undergraduate students and ensuring the maintenance of safety standards 
in the laboratory. However, during the pre-laboratory lectures, it was common for 
undergraduate students to be informed by their course leader that the graduate students, 
as demonstrators were on hand to answer any question they may have about the 
practical. Before attending the laboratory, undergraduate students were required to 
write out a copy of the procedure, which was subsequently signed by the graduate 
students in order for admittance into the laboratory. When the laboratory work and 
accompanying report was completed, graduate students signed their reports as a means 
of granting the undergraduate students with permission to leave the laboratory. All 
laboratory reports were assessed by the course leaders and not by the graduate students 
at the end of every laboratory session. Graduate students were not paid for their 
demonstrating duties.    
 
TCL-GTA Programme Structure 
The TCL-GTA programme, involved an opening seminar followed by four consecutive 
two-hour workshops that featured the implementation of the MLL instructional model as 
well as the stimulus enhancement of graduate students’ sense of psychological 
empowerment in their roles as laboratory teachers. 
 
Role Titles: Before the implementation of the programme, an adaption was made to 
graduate students’ ‘Laboratory Demonstrator’ role title as the researchers felt that it did 
not appropriately acknowledge graduate students’ status as teachers in the laboratory. 
Instead, the researchers addressed graduate students as ‘Graduate Teaching Assistants’ 
for the remainder of the TCL-GTA programme in order to acknowledge the graduate 
students’ capacity as teachers and not as demonstrators. 
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The Opening Seminar: According to Zimmerman (1995), generating a belief in the 
possible  attainment of goals, an awareness of factors that influence the attainment of 
such goals as well as individuals efforts to fulfil these goals are characteristic features of 
psychological empowerment . Therefore, during the opening seminar of the TCL-GTA 
programme, the principal researcher introduced graduate students to three areas of 
chemical educational research. These three areas of chemical education focused on 
identifying a problem, as a function of undergraduate students’ learning difficulties in the 
chemistry laboratory, setting a goal of establishing a meaningful learning environment in 
the laboratory and exploring literature documenting the potential impact that graduate 
students could have on students’ laboratory learning experiences. 
The first area of chemical education research explored the problems and concerns that 
the science education community has regarding the efficacy of laboratory learning 
experiences in fostering the development of conceptual understanding (Bates 1978, 
Blosser 1980, Hofstein and Lunetta 1982, Hodson 1990, Hawkes 2004, Hofstein and 
Lunetta 2004, Lunetta et al. 2007, Hofstein and Kind 2012). Specifically, the multiple 
dimensions of chemistry were discussed using Johnstone’s macro, sub-micro and 
symbolic triangle of chemical representation (Johnstone 1991). Literature documenting 
the problems that undergraduate students can experience in fluidly interpreting and 
understanding observable macroscopic events on sub-microscopic and symbolic levels 
was also explored (Johnstone 1982, Gabel 1993, Alex H Johnstone 1993, Kozma and 
Russell 1997, Gabel 1999, Johnstone 2000, Nelson 2002, Treagust et al. 2003, Bucat and 
Mocerino 2009, Tsaparlis 2009).  
The second area of chemical education research introduced was Novak’s construct of 
meaningful learning. This theory of learning involves “the constructive integration of 
thinking, feeling, and acting leading to human empowerment for commitment and 
responsibility” (Novak, 2010, p. 18). The principal researcher encouraged graduate 
students to set a goal of establishing a meaningful learning environment in the laboratory 
since setting goals is reported to be a key factor in the process of empowering individuals 
(Zimmerman 1995, Cattaneo and Chapman 2010). The findings of recent chemical 
education research associated with Novak’s theory of learning (Bretz 2001, Bruck et al. 
2010, Brandriet et al. 2013, Bretz et al. 2013, Galloway and Bretz 2015a, Galloway and 
Bretz 2015b, Galloway et al. 2015) as well as research reporting on the varying levels of 
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anxiety, confidence and self-efficacy experienced by undergraduate students in the 
laboratory was discussed(Smist , Bowen 1999, Eddy 2000, Kurbanoglu and Akim 2010, 
Winkelmann et al. 2015). Particular attention was paid to a research study that reported 
how affective experiences can influence undergraduate students’ cognitive and 
psychomotor learning experiences in the first year chemistry laboratory (Galloway et al. 
2015). 
The final area of chemical education research introduced to graduate students 
documented the significance of their potential to enhance undergraduate students’ 
laboratory learning experiences (Gorham 1988, Pickering 1988, Lazarowitz and Tamir 
1994, Rodríguez et al. 1996, Kher et al. 1999, Herrington and Nakhleh 2003, Ellis 2004, 
Bond-Robinson and Rodriques 2006, Nicklow et al. 2007, Frisby and Martin 2010, Ryan 
2014, Flaherty et al. 2017). Research articles that referred to graduate students who 
teach in the undergraduate laboratory as “powerful tools to increase the effectiveness of 
chemistry learning” (Bond-Robinson and Rodriques, 2006 p. 322), “the first line of 
defence” (Nicklow et al., 2007, p. 89), and “critical colleagues” (Ryan, 2014, p. 1) were 
relayed.  
The sequential processes of identifying a problem, setting a goal and drawing attention 
to graduate students’ potential to remedy this problem aligned with the tenants of the 
Evidence / Align / Develop framework that arose from Phase 1. Figure 3.5 details how 
this translated in the design of the TCL-GTA programme's opening seminar and 
workshops. However, in order to limit undue influence on the research, the researchers 
never explicitly referred to the four motivational cognitions of psychological 





Figure 3-5: Process of Enhancing Graduate Students’ Sense of Psychological Empowerment during the 
TCL-GTA Programme Opening Seminar and Workshops. 
 
The Workshops: Following the opening seminar, four consecutive two-hour workshops 
took place during the intervening weeks between the fortnightly general chemistry 
laboratory sessions. The workshops featured the implementation of the MLL 
instructional model as well as the simultaneous enhancement of the graduate students’ 
sense of psychological empowerment. During the workshops, the graduate students sat 
around a round table and openly discussed their ideas and opinions to each MLL question 
based on one particular general chemistry laboratory session in line with the tenet of 
authentic pedagogy. Diverse prior learning experiences and areas of research expertise 
led each graduate student to develop different opinions on each of the MLL questions. 
Nevertheless, the programme facilitator encouraged the graduate students to strive to 
achieve the learning outcomes they felt were most important for the students to achieve. 
The researchers believed that if the graduate students were encouraged to pursue the 
learning outcomes that they felt most strongly about, there was a greater chance that the 
graduate students may actively pursue the achievement of such student learning 
outcomes throughout their verbal interactions with students in the laboratory. In 
embracing the four insights contributed from Phase 1 of this research, Table 3.2 details 




Table 3.2 Details of how each Phase 1 insight informed the design of the TCL-GTA 
Programme.  
 Insights from Phase 1 which informed 
the design of the TCL-GTA programme 
Details of how each insight 
informed the design of the TCL-
GTA programme  
 
1 Graduate students need to be aware of the 
types of knowledge and experiences that 
features as students’ affective, cognitive 
and psychomotor learning domains 
Presentation of literature pertaining 
to Novak's theory of meaningful 
learning during the opening seminar 
of the TCL-GTA programme.  
2 Graduate students need to be aware of the 
barriers to learning faced by students in 
the laboratory with respect to each of the 
three domains of learning 
Presentation of literature pertaining 
to the cognitive, psychomotor and 
affective learning difficulties faced by 
undergraduate students in the 
laboratory during the opening 
seminar of the TCL-GTA programme. 
3 Graduate students need to be aware of the 
misalignment in the perceptions of LDs’ 
responsibilities in addressing affective, 
cognitive and psychomotor learning 
domains.  
Presentation of literature pertaining 
to graduate students' potential to 
enhance undergraduate students’ 
laboratory learning experiences. 
Specifically, graduate students were 
encouraged to perceive and embrace 
the teaching responsibilities 
associated with the laboratory 
demonstrator role.  
4 The nurture of students’ affective, 
cognitive and psychomotor learning 
domains is characteristic of Novak’s 
theory of meaningful learning (Novak 
2010) and as such, graduate students need 
to be appropriately equipped to nurture 
meaningful learning in the laboratory 
Implementing the MLL instructional 
during the TCL-GTA workshops 
sought to guide graduate students' 
conceptualization of how students 
learn in a meaningful manner in the 
laboratory according to Novak's 
theory of learning.  
 
By the end of the TCL-GTA programme, it was decided to collect feedback from 
undergraduate students based on whether the graduate students had an impact on their 
learning experiences. A short questionnaire consisting of four open-ended questions was 
developed (See Appendix 14). The purpose of this was to relay any positive feedback to 
graduate-students as a means of assuring them of their importance as teachers in the 




3.4.4 Phase 4: Evaluating the TCL-GTA Programme 
There were two strands to the evaluation of the TCL-GTA programme, arising in 
publications 2 and 3 respectively. Publication 2 documents the influence on the TCL-GTA 
programme on the sense of psychological empowerment experienced by the graduate 
students and how they perceived it to influence their teaching self-image and behaviours 
in the laboratory. Publication 3 documents the influence of the TCL-GTA programme on 
the verbal interactions between the graduate students and undergraduate students in the 
laboratory. The methodologies and implicating philosophical underpinnings of each 
strand of evaluation will now be deliberated.  
Publication 2 (see page 69): The Influence of Psychological Empowerment on the 
Enhancement of Chemistry Laboratory Demonstrators’ Perceived Teaching Self-Image and 
Behaviours as Graduate Teaching Assistants. Chemistry Education Research and Practice, 
2017, 18, 710 – 736.  
Philosophical Underpinnings 
As described in Section 3.4.2, the researcher embraced an analogy portrayed by Ashcroft 
(1987) that sought to firstly, perceive and believe in the teaching capability and capacity 
of each individual graduate student while secondly, undertaking a role that sought to 
transform this teaching capability and capacity into human power. The role would 
therefore involve nurturing graduate students' belief in their teaching capabilities and 
capacities instead of transmitting information on what good teaching looks like to them. 
The transformation of their teaching capability and capacity into human power would 
then manifest through the pronouncement of their teaching self-images and behaviours 
in the laboratory. It was acknowledged that the conditions necessary to achieve the 
transformation of graduate students' teaching capability and capacity into human power 
would be different for each individual graduate student. Therefore, the researcher 
maintained a relativist ontology regarding the empowerment of individuals. As such, a 
subjectivist epistemology guided the collection of both quantitative and qualitative data 
from individual graduate students. However, in disseminating the findings of this 
research in an article to be submitted for peer review, a post-positivistic approach was 
embraced in reporting changes in the sense of psychological empowerment experienced 
by the graduate students. Here, the collective changes in the sense of psychological 
empowerment experienced by the graduate students, as a collective group both before 




         
Pragmatic Sequential Mixed Methods 
In line with the nature of design research, a pragmatic sequential mixed methods 
approach (Creswell 2009, Teddlie and Tashakkori 2009, Mertens 2014) was adopted for 
the collection of both quantitative and qualitative forms of data. Quantitative data was 
collected through the distribution and completion of a validated Likert style 
psychological empowerment questionnaire (Spreitzer 1995). This quantitative data then 
facilitated the collection of qualitative data through interviews with individual graduate 
students. The collection of both quantitative and qualitative data occurred at two points 
in the research study. The first round of data collection occurred before the 
implementation of the TCL-GTA programme and the second round of data collection 
occurred after the completion of the TCL-GTA programme.  
Quantitative Data Collection: The psychological empowerment questionnaire involves 
participants rating their responses to twelve Likert-scale statements (Spreitzer, 1995). 
The twelve statements are divided in sets of four whereby each set targets one of the four 
intrinsic motivational cognitions of psychological empowerment. The researchers 
developed a separate version of the questionnaire for the two separate rounds of data 
collection involved in the study. The first version of the questionnaire aimed to measure 
graduate students’ sense of psychological empowerment as laboratory demonstrators 
before their participation in the TCL-GTA programme (Appendix 3). Therefore, the stem 
of each questionnaire statement reflected graduate students’ capacity as laboratory 
demonstrators. The second version of the questionnaire aimed to measure graduate 
students’ sense of psychological empowerment as graduate teaching assistants after the 
completion of the TCL-GTA programme (Appendix 4). Therefore, the stem of each 
questionnaire statement reflected graduate students’ capacity as graduate teaching 
assistants. Before completing the questionnaires, it was emphasised to graduate students 
that their responses would not act as an assessment of their performance in the 
laboratory before or during the TCL-GTA programme.  
Qualitative Data Collection: After completing each questionnaire, the graduate students 
were interviewed in order to gain further insight into their sense of psychological 
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empowerment both before and after the implementation of the TCL-GTA programme. 
Each interview took the form of a semi-structured interview that featured the interviewer 
hearing participant’s talk about their relevant particular life experiences (Willig 2013). 
The interview agendas investigated the four intrinsic motivational cognitions of the 
graduate students’ sense of psychological empowerment in their roles as demonstrators 
and as graduate teaching assistants respectively (Appendix 5). The interviews lasted on 
average between 20 to 30 minutes and inquired as to whether graduate students felt they 
had an impact on what undergraduate students learn in the laboratory (impact), whether 
they felt competent (competency), whether they felt that they could decide what 
undergraduate students learn in the laboratory (autonomy) and whether they felt their 
job was important to them (meaningfulness). 
Data Analysis 
By employing a mixed methods approach to the collection of data (Creswell 2009, Teddlie 
and Tashakkori 2009, Mertens 2014), it enabled the researchers to triangulate the data 
(Jick 1979). Triangulating the data allows not only for the examination of a phenomenon, 
such as psychological empowerment in this research study from multiple perspectives 
but it also allows for new and deeper dimensions to emerge (Jick 1979). 
Quantitative Data Analysis: Both versions of the psychological empowerment 
questionnaire required the graduate students to rank their response to each statement 
using a five-point scale ranging from 1 = Strongly Agree to 5 = Strongly Disagree. The 
responses were analysed using the Software Package for Social Sciences (SPSS v.21). A 
Kolmogorov-Smirnov test revealed that the data from both questionnaires was normal. 
A paired t-test then compared graduate students’ responses before and after the TCL-
GTA programme in their respective capacities as demonstrators and as graduate teaching 
assistants. Since quantitative research methods on small sample sizes tend to have large 
effect sizes (Vogt 2011), an alpha value of 0.01 was chosen to indicate significant 
differences (Petersen and Osborne 2008) in the agreement of graduate students’ to each 
statement in both questionnaires. The mean, median, standard deviation and p values of 
the graduate students’ responses to the pre and post TCL-GTA questionnaires are shown 
in Table 2 in the published article. 
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Qualitative Data Analysis: Thematic analysis was used to analyse the graduate students’ 
responses to the interview questions (Braun and Clarke 2006, Patton 2015). This form of 
analysis involves searching “for themes that emerge as being important to the description 
of the phenomenon” (Fereday and Muir-Cochrane 2006, p.82). A five step method of 
conducting thematic analysis (Braun and Clarke 2006) involves: i) familiarisation with 
the data, ii) generation of initial codes, iii) search of themes, iv) review of themes and v) 
definition and naming themes. Thematic analysis may be carried out in either a data-
driven inductive approach whereby the emerging themes are visible and obvious to the 
researcher (Boyatzis 1998) or it can be carried out using an a priori template of codes as 
a deductive approach of analysis (Crabtree and Miller 1992). For this research study, an 
priori template of codes that characterised the four intrinsic motivational cognitions of 
graduate students’ psychological empowerment was used to search for themes 
pertaining to each cognition throughout their responses. The themes which emerged 
were treated as semantic themes which are  “identified within the explicit or surface 
meanings of the data, and the analyst is not looking for anything beyond what a participant 
has said or what has been written” (Braun and Clarke 2006, p.84).  
Validity and Reliability  
In order to promote content validity (Haynes et al. 1995), three science education experts 
and an experienced graduate student who was not participating in this research project 
reviewed the data collection instruments. Prior to the implementation of the TCL-GTA 
programme, the researcher carried out the interviews with the individual graduate 
students. At this stage, the researcher had never met the graduate students before. In 
order to reduce bias, a science education expert with more than 30 years’ experience in 
the field and who had no involvement in the development or implementation of the TCL-
GTA programme was recruited to conduct the post TCL-GTA programme interviews with 
graduate students (Patton 1990). Thematic analysis was then carried out through the 






Publication 3: Evaluating the Impact of the ‘Teaching as a Chemistry Laboratory Graduate 
Teaching Assistant’ Program on Cognitive and Psychomotor Verbal Interactions in the 
Laboratory (DOI: 10.1021/acs.jchemed.7b00370). 
 
Philosophical Underpinnings 
For the purpose of this publication, the researcher maintained a relativist ontology in 
their belief that every student and every teacher is different. As a result, the verbal 
interactions that occurred between individual graduate and undergraduate students 
would be different. Therefore, a subjectivist epistemology guided a data collection 
process that involved audio recording every single verbal interaction that took place 
between the graduate students who participated in the TCL-GTA programme and the 
undergraduate students they interacted with in the laboratory. While the researcher 
acknowledged that the verbal interactions that occurred between individual graduate 
and undergraduate students would be different, it became apparent that the nature of 
their cognitive and psychomotor interactions were similar in most cases. The way in 
which they would differ between different graduate students and different 
undergraduate students is the number of time a particular cognitive or psychomotor 
verbal interaction would occur. Therefore, a positivist approach was employed for the 
purpose of analysing the transcripts of these audio recordings. This entailed the 
development of categories based on the various types of cognitive and psychomotor 
verbal interactions that occurred. Every verbal interaction that took place between 
individual graduate and undergraduate students would be categorised into a particular 
category. Once all of the verbal interactions were categorised, an empirical analysis that 
involved the calculation of the number, mean, standard deviation and percentage of 
occurrences of each type of verbal interaction within each category was carried out.  
Data Collection 
The verbal interactions between individual graduate students and individual 
undergraduate students were audio recorded at three stages in the research, stages 1, 2, 
and 3 by placing dictaphones in the laboratory coats of each of the seven graduate 
students who were participating in the TCL-GTA programme. Figure 3.6 provides a 
description of when the three stages of data collection occurred with each graduate 
student and in what laboratory sessions, relative to the TCL-GTA opening seminar and 
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four consecutive workshops. Stage 1 involved all of the graduate students being recorded 
in a non-inquiry, second semester general chemistry laboratory session based on 
identifying ionic and covalent bond types and properties of solids that took place before 
the TCL-GTA programme began. Stage 2 involved all of the graduate students recorded in 
a non-inquiry, second semester general chemistry laboratory session featuring the 
analyses of household products using titrimetric methods of experimentation that took 
place after the second TCL-GTA workshop. Due to scheduling constraints, some graduate 
students could not attend the final non-inquiry, second semester rates of reactions 
general chemistry laboratory session that took place after the fourth TCL-GTA 
programme workshop. Therefore, stage 3 of data collection entailed graduate students 
recorded in alternate laboratory sessions as described in Figure 3.6. The duration of 
recordings for all seven graduate students lasted 10.65 hours during stage 1, 12.64 hours 
during stage 2 and 13.51 hours during stage 3. The researcher immediately transcribed 
the audio recordings and the collaborating researchers involved in this study confirmed 
the transcription accuracy. The principal researcher also took field notes and wrote 
reflections after the completion of each workshop. 
 
Figure 3-6: Description of the process of data collection relative to the TCL-GTA Programme. 
Data Analysis: Cognitive and Psychomotor Verbal Interactions 
For the purpose of publication 3, the transcriptions of audio recordings from each of the 
three stages of this research were used to analyse the impact of the TCL-GTA programme 
Stage 1 Recordings




•Presentation of literature 
TCL-GTA Workshop 1
•Applying MLL questions based on the 'Identification Of Bond Types and 
Properties of Solids' laboratory session
TCL-GTA Workshop 2
•Applying MLL questions based on the 'Titrimetric Analysis of Household 
Products' laboratory session
Stage 2 Recordings
•All GTAs recorded in the 'Titrimetric Analysis of Household Products' 
laboratory session
TCL-GTA Workshop 3
•Applying MLL questions based on the 'Heats of Reactions' laboratory 
session
Stage 3 Recordings 
(Part 1)
•Noah, Alana and Abby recorded in the 'Heats of Reactions' laboratory 
session. Ava recorded in a 2nd year Biochemistry Laboratory Session. 
TCL-GTA Workshop 4
•Applying MLL questions based on the 'Rates of Reactions' laboratory 
session
Stage 3 Recordings 
(Part 2)
•Mia and Sean recorded in the 'Rates of Reactions' laboratory session. 
Colin recorded in a 2nd year Organic Laboratory Session
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on the cognitive and psychomotor verbal interactions between graduate and 
undergraduate students in the laboratory. The employment of the constant comparison 
method towards the systematic generation of theory (Glaser 1965, Glaser and Strauss 
2009) was guided by its employment in a similar study by Krystyniak and Heikkinen 
(2007). This approach to the analysis of qualitative data involves the development of 
categories by (i) comparing incidents to similar incidents to form a category, (ii) 
integrating categories and their properties, (iii) delimiting theory and (iv) writing the 
theory. NVIVO software facilitated the coding process involved four passes of the 
transcriptions whereby memos were written on the cognitive and psychomotor verbal 
interactions that appeared to be similar in nature. For the purpose of this research, each 
graduate student verbal interaction that served as a unit of analysis consisted of graduate 
students’ utterances when engaged in dialogue with the undergraduate students. For the 
most part, the reasons undergraduate students initiated interactions with the graduate 
students was to ask them a question pertaining to various cognitive and psychomotor 
aspects of the laboratory session. Since these undergraduate student-initiated 
interactions were important contributors to the overall cognitive and psychomotor 
verbal interactions between graduate students and students, the constant comparative 
method was also used to analyse the types of questions that the undergraduate students 
asked the graduate students. Here, comparisons of the questions students asked graduate 
students resulted in the development of seven different categories, representative of 
seven different types of undergraduate student questions. Off-task verbal interactions 
that occurred between the graduate students and the undergraduate students were rare 
and therefore, were not analysed. Detailed descriptions of how verbal interactions were 
analysed into various categories in each of the four passes of analysis can be found as 
Appendix 12 or in the Supporting Information that accompanies this paper online 
http://pubs.acs.org/doi/abs/10.1021/acs.jchemed.7b00370 .  
Following the finalization of the description of every category, all of the graduate 
students’ verbal interactions and all of the questions undergraduate students asked 
graduate students were assigned to a category. In some instances, verbal interactions 
were categorized to two categories. For example, a graduate student may have finished 
an abstract concept explanation by asking a student a question on the abstract concept. 
Such an exchange was categorized into the abstract concept explanation tertiary category 
as well as the abstract concept question tertiary category for graduate students’ verbal 
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interactions. The number (n), mean (M), standard deviation (SD) and percentage (%) 
values of cognitive questions, cognitive explanations, practical questions and practical 
instructions issued by each graduate student in each laboratory session were counted 
and are represented in Tables 4, 5, 6 and 7 in the published article. The total number (n), 
total mean (M) and total standard deviation (SD) values of all cognitive questions, 
cognitive explanations, practical questions and practical instructions issued by all 
graduate students in each stage of data collection are represented in the bottom row of 
Tables 4, 5, 6 and 7 in the published article. Questions asked by undergraduate students 
were only coded to one primary undergraduate student question category. The number 
(n), mean (M), standard deviation (SD) and percentage (%) values of each type of 
question students asked graduate students during each stage of data collection as well as 
the total number (n), total mean (M) and total standard deviation (SD) values of all 
questions students asked graduate students during each stage of data collection can be 
found in Table 8 in the published article.    
Data Analysis: Number and Duration of Verbal Interactions 
For the purpose of additional analysis not included in publication 3, the transcriptions of 
audio recordings from each graduate student during each of the three stages of this 
research were also used to analyse the impact of the TCL-GTA programme on the number 
and duration of verbal interactions between the graduate and undergraduate students in 
the laboratory (See Section 4.5.1). One verbal interaction was deemed to consist of the 
initiation and termination of a conversation between an individual graduate student and 
an individual undergraduate student that was based on aspects related to the laboratory 
session. Off-task verbal interactions such as those associated with the graduate students’ 
duties of recording students’ attendance and signing students’ laboratory reports were 
not analysed. The total number of verbal interactions and as such, the total number of 
conversations between individual graduate student and individual undergraduate 
students were identified and counted for the total duration of laboratory sessions. Every 
verbal interaction was also identified as having being initiated by either the individual 
graduate student or the individual undergraduate student.  
Calculating the duration of each verbal interaction occurred by subtracting two time-
points; time-point 2 from time-point 1. It was necessary to take time-point 2 as the time 
the last utterance of a verbal interaction began, as opposed to the time the last utterance 
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of a verbal interaction finished since the researchers were unable to tell whether the 
receiving individual heard the entire utterance. Time-point 2 was subtracted from time-
point 1; the time the first utterance of a verbal interaction was made. Mean durations of 
all verbal interactions throughout the transcripts of the verbal interactions were also 
calculated. The percentage of the number and duration of graduate student-initiated 
interactions and the undergraduate student-initiated interactions from the total number 
of and duration of interactions initiated for each stage was also calculated. Percentage 
values of the total duration of both graduate and undergraduate student-initiated 
interactions were calculated from the total time the graduate students were recorded for.  
In order to explore the influence of the TCL-GTA programme on the verbal interactions 
between graduate and undergraduate students, the number, duration and mean duration 
of graduate student-initiated interactions, undergraduate student-initiated interactions 
and combined graduate and undergraduate student-initiated interactions during each 
stage of the research served as data variables. The data for each variable were then 
compared between stages 1 to 2, stages 2 to 3 and stages 1 to 3 (Appendix 13). The 
Shapiro-Wilks test was carried out on all of the data variables from each of the three 
stages to check for normality. Normally distributed was deemed to have a p-value of 
greater than 0.05. All of the data variables from stage 1 were normal. The data variables 
from stage 2 were normal except for the number of student-initiated interactions 
variable. The data variables from stage 3 were normal except for the duration of student 
interactions variable. For the data variables with normally distributed data, paired t-tests 
were carried out. For the data variables with non-normally distributed data, Wilcoxon 
tests were carried out (Kinnear and Gray 1999). 
Member Checking 
A member checking process was employed in order to validate and establish credibility 
in the four passes of data analysis. The member check process involves analytic 
categories, interpretations, and conclusions being tested with members of the 
stakeholding groups from whom the data were originally collected (Lincoln and Guba 
1985). With the member checking process, the validity procedure shifts from the 
researchers to the participants as researchers systematically check and react to the data 
and final narrative (Creswell and Miller 2000). Before engaging in the member-checking 
process with the graduate students who participated in this research, the principal 
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researcher held consultations with two education experts, one non-collaborating science 
education expert and one education-specific PhD researcher after the second and fourth 
passes of data analysis. These consultations sought to confirm the accuracy of the 
formation of categories along with their description and assignment to specific verbal 
interactions throughout the transcripts. The experts examined a codebook containing 
descriptions and examples of the verbal interactions assigned to each category as well as 
a fully analysed transcript that had all of the graduate students’ verbal interactions and 
student questions analysed. The experts made a number of suggestions to the principal 
researcher such as including the word ‘Instruction’ in the ‘Data Analysis Explanation’ and 
the ‘Data Analysis Concept Explanation’ categories to refer to incidents when graduate 
students explained to undergraduate students how to complete a calculation by 
instructing them to complete various steps of solving the calculation. After the 
recommendations made by both experts were addressed, each graduate student who 
participated in this research was sent a copy of the amended codebook as well as a copy 
of their own fully analysed transcript from stage three of data collection. The graduate 
students were asked to contribute their opinions and suggestions to improve the 
accuracy and precision of the analysis. Apart from one graduate student who suggested 
one question in their transcript to be categorized into another category, all of the 
graduate students agreed on the analysis and made no recommendations to its 
improvement. 
3.5 Ethical Considerations 
In upholding high ethical standards, Taber (2014) reminds that enthusiasm for chemical 
education research should not get ahead of the responsibilities we owe to those who gift 
us with data on teaching and learning. Therefore, towards the integrity and ethical 
preservation of those involved in this research, a number of considerations were taken 
into account. The anonymity of all participants involved in each stage of this research was 
ensured through the use of pseudonyms and all of the data collected was made 
confidential. All of the graduate and undergraduate students involved signed consent 
forms after being presented with information sheets detailing the nature of this research 
(Appendices 6 - 10). Participation in this research was voluntary and both graduate 
students and undergraduate students were given the opportunity to cease their 
participation in the research at any stage. This research study was granted ethical 
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approval from the ethics committee that presided in the institution that hosted this 




This chapter has described the methodological approach adopted for the purpose of this 
research. A mixed methods approach, underpinned by the philosophical connotations of 
the pragmatic research paradigm (Teddlie and Tashakkori 2009, Tashakkori and Teddlie 
2010) was employed throughout the four phases of this research. The pragmatic research 
paradigm facilitated the employment of various forms of mixed methods research 
throughout each of the four phases of this research in order to meet the objectives of this 
research. The ontological, epistemological and methodological underpinnings of each 
form of mixed methods research employed have been considered and deliberated within 










This chapter presents the findings of this research. The chapter will begin with the first 
publication of this research that documents phase 1 which informed the design of the 
TCL-GTA programme. Publication 2 will then document the evaluation of the influence 
the TCL-GTA programme had on the participating graduate students’ sense of 
psychological empowerment. Publication 3 will then document the evaluation of the 
influence of the TCL-GTA programme on the cognitive and psychomotor verbal 
interactions between the graduate students and undergraduate students in the 
laboratory (Table 4.1). Further evaluation of the influence of the TCL-GTA programme on 
the number and duration of these verbal interactions will also be presented. Finally, the 
chapter will conclude with a working paper arising from a collaboration that the 
researcher conducted in Monash University in Melbourne, Australia on the topic of 
laboratory teaching assistant teacher development.  
Table 4.1: Accompanying Publications to Phases 1 and 4 
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4.2 Publication 1 
Publication 1: Aligning Perceptions of Laboratory Demonstrators’ Responsibilities to 
Inform the Design of a Laboratory Teacher Development Program. J. Chem. Educ. 2017, 94, 
1007−1018. 
 
The first article of this research, published in the Journal of Chemical Education, 
documents Phase 1 of this research. This phase of research involved the collection of both 
quantitative and qualitative data as a means of comparing chemistry graduate students' 
and undergraduate students’ perceptions of the chemistry graduate students' 
responsibilities in addressing the undergraduate students’ cognitive, affective, and 
psychomotor learning experiences in the non-inquiry general chemistry laboratory. This 
publication evidences misalignment in the perceptions of both graduate and 
undergraduate students towards LDs’ responsibilities in addressing cognitive, affective, 
and psychomotor learning experiences in the general chemistry laboratory. Here, LDs did 
not perceive that they have a profound teaching role in the laboratory. Unlike the 
undergraduate students, graduate students did not perceive it was a LD responsibility to 
develop student understanding or nurture how students feel in the laboratory. According 
to the graduate students, LDs were mostly responsible for maintaining student safety. 
This research interpreted such misalignment in the perceptions of LD role 
responsibilities by informing the development of a teacher development framework for 
graduate students who fulfil undergraduate laboratory instructor roles. Here, the 
evidence-align-develop framework encourages faculty to address three sequential steps 
in developing graduate students’ teaching capability to promote positive cognitive, 
affective and psychomotor learning experiences for undergraduate students (Figure 3.2). 







4.3 Publication 2 
Publication 2: The Influence of Psychological Empowerment on the Enhancement of 
Chemistry Laboratory Demonstrators’ Perceived Teaching Self-Image and Behaviours as 
Graduate Teaching Assistants. Chemistry Education Research and Practice, 2017, 18, 710 – 
736. 
 
The second article of this research, published in the Chemistry Education Research and 
Practice journal, explores the influence of graduate students' sense of psychological 
empowerment on their perceived teaching self-image and behaviours. This article 
describes how a lack of psychological empowerment experienced by graduate students 
in their roles as laboratory demonstrators caused them to refrain from perceiving their 
importance as teachers in the laboratory.  A description of the design and implementation 
of a process of empowerment used during the TCL-GTA programme is offered. The article 
evidences how graduate students' participation in the TCL-GTA programme resulted in 
the enhancement of their sense of psychological empowerment in their teaching roles 
which concomitantly resulted in them perceiving to have assumed more pronounced 
teaching self-images and behaviours. A number of implications for research and practice 








4.4 Publication 3 
Publication 3: Evaluating the Impact of the ‘Teaching as a Chemistry Laboratory Graduate 
Teaching Assistant’ Program on Cognitive and Psychomotor Verbal Interactions in the 
Laboratory (DOI: 10.1021/acs.jchemed.7b00370). 
 
The third article of this research, published in the Journal of Chemical Education, 
documents the evaluation of the influence the TCL-GTA programme on the cognitive and 
psychomotor verbal interactions between participating graduate students and 
undergraduate students in the laboratory. This article describes the development of the 
Meaningful Learning in the Laboratory instructional model that was implemented during 
the TCL-GTA programme. This instructional model was designed to guide graduate 
students' conceptualisation of how undergraduate students learn in a meaningful 
manner in order to inform how they interact and instruct undergraduate students in the 
laboratory. In order to evidence the impact of the TCL-GTA programme on graduate 
students' teaching practices, the verbal interactions they engaged in with undergraduate 
students were audio recorded at three stages of the TCL-GTA programme. This article 
offers a description of the types of verbal interactions associated with the cognitive and 
psychomotor learning domains that occurs between graduate students and 
undergraduate students in the laboratory and how the TCL-GTA programme enhanced 









4.5 Additional Findings 
4.5.1 Interactional Statistics  
The TCL-GTA programme had a positive influence on the number and duration of verbal 
interactions between the graduate and undergraduate students between stages 1, 2 and 
3. Table 4.2 contains the total time recorded, the number, duration and mean duration of 
graduate student initiated-interactions, undergraduate student-initiated interactions 
and the combined graduate student and undergraduate student-initiated interactions 
during each stage of the research. It is apparent that throughout all three stages, the 
graduate students initiated more interactions than the undergraduate students. Further, 
graduate student-initiated interactions tended to last longer than the undergraduate 
student-initiated interactions. By the end of the TCL-GTA programme, the total and mean 
duration of graduate student-initiated interactions were three times longer than before 
the programme began. However, it should be notes that the graduate students and the 
undergraduate students had more opportunities to interact in stage 3 compared to stage 
1 since the time taken for students to complete the laboratory sessions during stage 3 
lasted longer than stage 1. Further, the nature of the laboratory session, and the 
undergraduate students’ relative experience in completing particular laboratory sessions 
may have implicated interactions between graduate and undergraduate students. The 
titrimetric methods experiment that took place during stage 2 was the undergraduate 
students’ third experiment using such titrimetric methods. The undergraduate students’ 
experience of these experiments may have reduced their need to consult and thus, 




Table 4.2: Total time recorded, the number, duration and mean duration of verbal 
interactions during each stage of the research (s = seconds) 
 Stage 1 Stage 2 Stage 3 
Interaction Duration 
Total Time Recorded (s) 38305 45504 48630 
Graduate Student-Initiated Interactions 
Number 
(% of Total Interactions) 
160 (57%) 163 (65%) 171 (54%) 
Total Duration (s) 5537 (50%) 15499 (66%) 16175 (54%) 
Mean Duration (s) 35 94 95 
Undergraduate Student-Initiated Interaction 
Number 
(% of Total Interactions) 
121 (43%) 89 (35%) 145 (46%) 
Total Duration (s) 5505 (50%) 8154 (34%) 13526 (46%) 
Mean Duration (s) 46 93 93 
Total Graduate and Undergraduate Student-Initiated Interactions 
Number 281 252 316 
Total Duration (s) 
(% of total time recorded) 
11042 (29%) 23653 (52%) 29701 (61%) 
Mean Duration (s) 39 93 94 
 
Table 4.3 contains the p-value differences between each data variable between stages 1 
to 2, stages 2 to 3 and stages 1 to 3. The findings indicate that the TCL-GTA programme 
had no significant impact on the number of interactions initiated between graduate and 
undergraduate students. However, these interactions were lasting significantly longer by 
the end of the TCL-GTA programme compared to before the programme which are 
indicated by bolded p-values in Table 4.3.  
Table 4.3: P-values for variances between each data variable between stages 1 to 2, 
stages 2 to 3 and stages 1 to 3. 
 Stage 1 to 2 Stage 2 to 3 Stage 1 to 3 
GTA Initiated Interactions 
Number 0.947 0.802 0.736 
Total Duration 0.035 0.280 0.021 
Mean Duration 0.013 0.837 0.053 
Student-Initiated Interaction 
Number 0.600α 0.173 α 0.169 
Total Duration 0.162 0.091 α 0.018 α 
Mean Duration 0.017 0.815 0.032 
Total GTA and Student Initiated Interaction 
Number 0.240 0.240 0.494 
Total Duration 0.022 0.025 0.002 
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Mean Duration 0.006 0.541 0.028 
α Wilcoxon test values due to non-normal distribution of data. 
 
Stages 1 to 2 
The combined duration of recordings for all seven graduate students lasted 7150 seconds 
(1.99 hours) longer during stage 2 compared to stage 1. The graduate and undergraduate 
students interacted with each other for 29% of the total time recorded during stage 1, 
increasing to 52% of the total time recorded during stage 2. Of the total duration of both 
graduate and undergraduate student-initiated interactions in stage 1, the percentage 
duration of graduate student-initiated and undergraduate student-initiated interactions 
was spilt at 50% each. However, of the total duration of graduate and undergraduate 
student-initiated interactions in stage 2, the percentage of graduate student-initiated and 
undergraduate student-initiated interactions was 66% and 34% respectfully.  In both 
stages 1 and 2, the number of graduate student-initiated interactions was greater than 
the number of undergraduate student-initiated interactions. In stage 1, graduate students 
initiated 160 (57%) of interactions while the undergraduate students initiated 121 
(43%) of interactions. In stage 2, graduate students initiated 163 (65%) of interactions 
while the undergraduate students initiated 89 (35%) interactions. 
- Graduate Student-Initiated Interactions: Between stages 1 and 2, there was no 
significant difference in the number of graduate student-initiated interactions (p 
= 0.947). However, the mean duration of graduate student-initiated interactions 
increased by 59 seconds in stage 2 which was a significantly significant increase 
(p = 0.013). The total duration of graduate student-initiated interactions increased 
by 9962 seconds (2.77 hours) in stage 2 compared to stage 1 which was also a 
statistically significant increase (p = 0.035).  
- Undergraduate Student-Initiated Interactions: Between stages 1 and 2, there 
was no significant difference in number of undergraduate student-initiated 
interactions (p = 0.600) or the duration of undergraduate student-initiated 
interactions (p = 0.162). However, the mean duration of undergraduate student-
initiated interactions lasted 47 seconds longer during stage 2 compared to stage 1 
which was also a statistically significant increase (p = 0.017).   
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- Total Graduate and Undergraduate Student-Initiated Interactions: Between 
stages 1 and 2, there was no significant difference in the total number of 
interactions initiated by both graduate and undergraduate students (p = 0.240). 
However, the total duration of the combined graduate and undergraduate 
student-initiated interactions increased by 12611 seconds (3.5 hours) in stage 2 
compared to stage 1 which was a statistically significant increase (p = 0.022). The 
mean duration of these interactions also increased by 54 seconds, which was a 
statistically significant increase (p = 0.006). 
Stages 2 to 3 
The combined duration of recordings for all seven graduate students lasted 3126 seconds 
(0.87 hours) longer during stage 3 compared to stage 2. The graduate and undergraduate 
students interacted with each other for 52% of the total time recorded during stage 2, 
increasing to 61% of the total time recorded during stage 3. Of the total duration of 
graduate and undergraduate student-initiated interactions in stage 2, the percentage 
duration of graduate student-initiated interactions was 66% and undergraduate student-
initiated interactions was 34%. However, of the total duration of graduate and 
undergraduate student-initiated interactions in stage 3, the percentage of graduate 
student-initiated decreased to 54% and undergraduate student-initiated interactions 
increased to 46%.  In both stages 2 and 3, the number of graduate student-initiated 
interactions was greater than the number of undergraduate student-initiated 
interactions. In stage 2, graduate students initiated 163 (65%) of interactions while 
undergraduate students initiated 89 (35%) of interactions. In stage 3, graduate students 
initiated 171 (54%) of interactions while the undergraduate students initiated 145 
(46%) of interactions. 
- Graduate Student-Initiated Interactions: Between stages 2 and 3, there was no 
significant difference in the number (p = 0.802), duration (p = 0.280) or the mean 
duration (p = 0.837) of graduate student-initiated interactions. 
- Undergraduate Student-Initiated Interactions: Between stages 2 and 3, there 
was no significant difference in the number (p = 0.173), duration (p = 0.0.091) or 
the mean duration (p = 0.815) of undergraduate student-initiated interactions. 
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- Total Graduate and Undergraduate Student-Initiated Interactions: Between 
stages 2 and 3, there was no significant difference in the total number (p = 0.240) 
or mean duration (p = 0.541) of interactions initiated by both graduate and 
undergraduate students. However, the total duration of the combined graduate 
and undergraduate student-initiated interactions increased by 6048 seconds 
(1.68 hours) in stage 3 compared to stage 2 which was a statistically significant 
increase (p = 0.025).  
Stages 1 to 3 
The combined duration of recordings for all seven graduate lasted 10325 seconds (2.86 
hours) longer during stage 3 compared to stage 1. The graduate and undergraduate 
students interacted with each other for 29% of the total time recorded during stage 1, 
increasing to 61% of the total time recorded during stage 3. Of the total duration of 
graduate and undergraduate student-initiated interactions in stage 1, the percentage 
duration of graduate student-initiated and undergraduate student-initiated interactions 
was spilt at 50% each. However, of the total duration of graduate and undergraduate 
student-initiated interactions in stage 3, the percentage of graduate-initiated and 
undergraduate student-initiated interactions was 54% and 46% respectfully.  In both 
stages 3 and 1, the number of graduate student-initiated interactions was greater than 
the number of undergraduate student-initiated interactions. In stage 1, graduate students 
initiated 160 (57%) of interactions while undergraduate students initiated 121 (43%) of 
interactions. In stage 3, graduate students initiated 171 (54%) of interactions while the 
undergraduate students initiated 145 (46%) interactions. 
- Graduate Student-Initiated Interactions: Between stages 1 and 3, there was no 
significant difference in the number of graduate student-initiated interactions (p 
= 0.735) and despite the mean duration of graduate student-initiated interactions 
increasing by 60 seconds, this increase was not statistically significant (p = 0.053). 
However, the total duration of graduate student-initiated interactions increased 
by 10638 seconds (2.96 hours) in stage 3 compared to stage 1 which was a 
statistically significant increase (p = 0.021).  
- Undergraduate Student-Initiated Interactions: Between stages 1 and 3, there 
was no significant difference in number of undergraduate student-initiated 
interactions (p = 0.169). However, the total duration of student-initiated 
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interactions increased by 8021 seconds (2.23 hours) in stage 3 compared to stage 
1 which was a statistically significant increase (p = 0.018). The mean duration of 
student-initiated interactions lasted 47 seconds longer during stage 3 compared 
to stage 1 which was also a statistically significant increase (p = 0.032).   
- Total Graduate and Undergraduate Student-Initiated Interactions: Between 
stages 1 and 3, there was no significant difference in the total number of 
interactions initiated by both graduate and undergraduate students (p = 0.494). 
However, the total duration of the combined graduate and undergraduate 
student-initiated interactions increased by 18659 seconds (5.18 hours) in stage 3 
compared to stage 1 which was a statistically significant increase (p = 0.02). The 
mean duration of these interactions also increased by 55 seconds, which was a 







4.5.2 Transforming Laboratory Teaching Assistants as Teaching Leaders 
Monash University Collaboration 
The fourth publication arising from this doctoral study documents the development and 
implementation of the Transforming Laboratory Leadership, Learning and Teaching 
(TLLLT) programme in Monash University, Melbourne in collaboration with Professor 
Tina Overton.  
Both the TLLLT programme at Monash University and the TCL-GTA programme at the 
University of Limerick sought to enhance the teaching capabilities of teaching assistants 
in a way that diverged from the transmission model of teacher education. While the TCL-
GTA programme aimed to achieve this through nurturing participants' sense of 
psychological empowerment, the TLLLT programme sought to achieve this by 
emphasising participants' development as leaders in line with the construct of 
transformational teaching (Slavich and Zimbardo 2012).  
The TLLLT programme aimed to nurture teaching assistants' intrinsic motivation and 
ownership of their own adoption of the transformational teaching methods using a 
narrative inquiry approach. The findings of this research indicate how TAs envisioned 
their development as transformational laboratory teachers. At the beginning of the 
TLLLT programme, TAs emphasised the significance of their roles in addressing practical 
aspects of laboratory work that tended to align to a transactional leadership style. 
However, as the TLLLT programme progressed, TAs began to embrace their roles as 
transformational teachers who could nurture holistic learning experiences for students 
in the laboratory.   
This publication is currently being peer-reviewed to be considered for publication in a 
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Abstract 
Teaching Assistants (TAs) are crucial components of laboratory teaching and learning 
processes and much research has been devoted to developing their teaching capabilities. 
However, much of this research has involved transmitting information about what good 
teaching is to TAs. This research study sought to employ an alternative way of catalysing 
laboratory TAs in their teaching roles. The Transforming Laboratory Leadership, 
Learning and Teaching programme (TLLLT) aimed to place emphasis on the 
development of TAs as leaders in line with the construct of transformational teaching. 
Here, a narrative inquiry approach was used to generate a space for TAs to reflect and 
discuss how their experiences, perceived capabilities, self-efficacy beliefs and attitudes 
towards teaching could implicate and inform their adoption of transformational teaching 
methods. Twenty-seven TAs with diverse levels of teaching experience participated in 
the TLLLT programme. Records of brainstorm discussions during the TLLLT programme 
provided the narrative to analyse how TAs envisioned their development as 
transformational teachers. Focus group interviews explored how TAs perceived their 
participation in the TLLLT programme to have influenced the learning environment in 
the laboratory. The findings of this research supports TA teacher development to nurture 





Teaching Assistant Training 
Developing the teaching capabilities of Teaching Assistants (TAs) who teach in the 
undergraduate science laboratory has received much attention throughout science 
education research (Lazarowitz and Tamir 1994, Herrington and Nakhleh 2003, Luft et 
al. 2004, Wheeler et al. 2016). Considerable effort has focused on developing, 
implementing and evaluating various TA teacher development programs (French and 
Russell 2002, Kurdziel et al. 2003, Hampton and Reiser 2004, Bond-Robinson and 
Rodriques 2006, Baumgartner 2007, Nicklow et al. 2007, Boman 2013, Wheeler et al. 
2016, A. Flaherty et al. 2017b) and investigating the personal and contextual factors that 
influences their teaching behaviours (Boyer 1990, Nyquist et al. 1999, Golde and Dore 
2001, Luft et al. 2004, Kinchin et al. 2009, Sandi-Urena et al. 2011a, Hardré and Burris 
2012, Sandi-Urena and Gatlin 2013, Flaherty et al. 2017). Despite this growing literature 
on TA teacher development, there is very little attention devoted to the specific 
development of TAs’ leadership skills as teachers. Perceiving leaders as individuals with 
responsibilities and duties which are external to learning environments can mitigate the 
extent to which teachers are seen as leaders (Collay 2016). However, it is argued that 
teaching effectively is an inherent leadership process that involves teaching well, 
collaborating with others, conducting well-designed inquiry and forming partnerships 
(Collay 2016). As with any teaching process that involves a teacher working with 
students to develop shared insight and understanding, the leadership process is defined 
as “a process whereby an individual influences a group of individuals to achieve a common 
goal” (Northouse 2012, p.5). Therein, leadership places more emphasis on the individual 
in the leading or teaching role. Placing greater attention on developing the leadership 
skills of TAs may provide rich affordances towards their development as teachers. 
Transformational teaching (Slavich and Zimbardo 2012) merges theories of 
transformational leadership and transformative learning that could facilitate TAs’ 
development as leaders in a teaching context. 
Transformational Teaching  
Transformational teaching involves instructors assuming roles as intellectual coaches to 
facilitate students’ acquisition of key course concepts while enhancing students’ personal 
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development and attitudes towards learning (Slavich and Zimbardo 2012). The model of 
transformational teaching proposed by Slavich and Zimbardo (2012), hinges upon the 
social cognitive theory (Bandura 1986), the internal change theory (Boyatzis 2006), 
transformational leadership theory (Bass and Riggio 2006) and transformative learning 
theory (Mezirow 1997). The social cognitive theory explores the influence that 
individuals exert over their actions on a daily basis in line with their own self-efficacy 
beliefs (Bandura 1997). The internal change theory purports the means to achieving 
desirable and sustainable changes in an individual’s behaviour, thoughts, feeling or 
perceptions (Boyatzis 2006). This theory suggests that internal change can be achieved 
from engaging in a five-step iterative process, beginning with the identification of ideals 
to change towards and ending with the maintenance of personal relationships that assist 
in their change (Boyatzis 2006). While both the social cognitive and internal change 
theories can inform the process of how TAs may change their behaviours as teachers, 
transformational leadership (Burns 1978, Bass and Riggio 2006) and transformative 
learning (Mezirow 1991, Mezirow 1997, Mezirow 2000) theories may assist TAs in 
identifying transformational teaching ideals to aspire towards.  
Transformational Leadership in Higher Education 
Transformational leadership involves leaders and followers engaging together “to 
advance to a higher level of morale and motivation” (Burns 1978, p.20). Bass & Riggio 
describes transformational leaders as “those who stimulate and inspire followers to both 
achieve extraordinary outcomes and, in the process, develop their own leadership capacity” 
(Bass and Riggio 2006, p.6). Bass’ model of transformational leadership describes four 
key behaviours of transformational leaders that include (i) Idealised Influence, (ii) 
Inspirational Motivation, (iii) Intellectual Stimulation and (iv) Individualised 
Consideration (Bass and Riggio 2006). Transformational leadership is contrasted against 
transactional leadership, a style of leadership that is based on exchange (Burns 1978). 
However, there has been little attention paid to exploring how higher education leaders 
lead in the context of teaching and learning (de la Harpe and Mason 2014). Developing 
the transformative leadership characteristics of higher education leaders is of acute 
importance towards the promotion of holistic student learning and development 
(Quinlan 2014), however, this process is generally not well recognised, understood or 
supported (Bass 1998, Debowski and Blake 2004, Yielder and Codling 2004, Quinlan 
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2014) and further, transformational leadership theory as pedagogy remains untested 
(Boyd 2009).   
Transformational Learning in Higher Education 
The second transformational theory that underpins transformational teaching is the 
transformative learning theory. Here, learning is described as a process that seeks to 
improve individuals’ understanding of the world by transforming their ‘frames of 
reference’, which include their habits of mind (e.g., broad, abstract habitual ways of 
thinking, feeling, and acting) and points of view (e.g., specific attitudes, values, beliefs, or 
judgments) (Mezirow 1991, Mezirow 1997, Mezirow 2000). Transformative learning 
approaches are fundamentally concerned with change through raising awareness, 
encouraging reflection and stimulating critique (Motion and Burgess 2014). A review of 
transformative learning theory research identifies how much of this research is situated 
in formal higher education settings involving graduate students, faculty and workshop 
participants involved in professional and leadership development (Taylor 2007). As 
opposed to identifying transformative learning experiences, much of this research has 
focused on identifying the factors that shape transformative learning as well as how 
transformative learning can be fostered in practice (Taylor 2007). Nevertheless, the 
transformative learning approach is acknowledged to have profound potential in yielding 
deep shifts in perspectives on teaching and learning as assumptions, beliefs, norms and 
values of the discipline, the institution, the community and the state are directly and 
critically questioned (Cranton 2011). However, no research has considered how TAs, 
could facilitate transformative learning for undergraduate science students. Since the 
model of transformational teaching proposed by Slavich and Zimbardo (2012) underpins 
both transformational leadership (Bass and Riggio 2006) and transformative learning 
(Mezirow 1991, Mezirow 1997, Mezirow 2000) theories, there is potential to address the 
gaps in science education research on such transformational theories by focusing TA 
training on incorporating this model of transformational teaching. Therefore, the 
purpose of this research was to employ a narrative inquiry approach to develop TAs as 
transformational teachers and to explore how TAs perceived this process and harnessed 





Narrative Inquiry  
Teacher education has been criticised for attempting to transmit knowledge about what 
good teaching is and what good teachers do as if they are viewed as objects rather than 
as knowing professionals or agents of change (Johnson and Golombek 2002). A narrative 
inquiry approach to the professional development of teachers can counteract this 
knowledge transmission model as teachers are viewed as individuals who both possess 
and creates knowledge about what good teaching is and what good teachers do (Johnson 
and Golombek 2002). Such knowledge is highly interpretive and contingent on 
knowledge of self, students, curricula and setting (Johnson and Golombek 2002). The 
narrative inquiry approach can act as a vehicle to generate a space for teachers to reflect 
on their experiences, to interpret immediate contexts and take the necessary action in the 
development of foresight (Dewey 1938). In sharing teaching and learning experiences, 
teachers can experience both personal and social growth (Connelly and Clandinin 1988, 
Connelly and Clandinin 1990).  
The Transforming Laboratory Leadership, Learning and Teaching programme  
The Transforming Laboratory Leadership, Learning and Teaching programme (TLLLT) 
was developed and delivered in line with a narrative inquiry approach that sought to 
develop laboratory TAs as transformational teachers. The delivery of the TLLLT 
programme aimed to generate a space for TAs to reflect and discuss how their 
experiences, perceived capabilities, self-efficacy beliefs and attitudes towards teaching 
could implicate and inform their adoption of transformational teaching methods. 
Transformational teaching methods include; (i) providing modelling and mastery 
experiences, (ii) intellectually challenging and encouraging students (iii) establishing a 
shared vision for learning with students, (iv) personalising attention and feedback, (v) 
creating experiential learning experiences and (vi) promoting preflection and reflection 
opportunities with students (Slavich and Zimbardo 2012). During the TLLLT programme, 
TAs worked in groups of three to four to discuss these methods of transformational 
teaching and to contribute their attitudes, ideas and opinions during brainstorming 
discussions. In line with the social cognitive theory (Bandura 1986) and in seeking to 
boost TAs’ self-efficacy in incorporating transformational teaching methods, the 
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programme leaders sought to empower TAs to have their voice heard as a means of 
nurturing their intrinsic motivation to assume ownership and responsibility of their 
development as transformational teachers.  
The TLLLT was delivered over five weeks and involved an opening seminar followed by 
four consecutive two-hour workshops. According to Bass and Riggio (2006), the extent 
of a persons’ transformational leadership characteristics and behaviours are shaped and 
dictated by their life histories and biodata analysis. These include the moral standards of 
their parents, their experiences in school and extra-curricular activities (Bass 1999, Bass 
and Riggio 2006). In order for transformational leadership behaviours to be enhanced, 
the process must begin with an examination of the implicit theories of ideal leadership 
that individuals have already acquired. Therefore, the opening seminar of the TLLLT 
programme began with a brainstorm discussion that involved TAs discussing their 
perceptions of effective PhD supervisors and laboratory instructors. In line with the 
internal change theory (Boyatzis 2006), this exercise was intended to make TAs aware of 
their assumptions of effective leaders, laboratory instructors and teachers, to guide them 
in identifying characteristics and roles to aspire to in their development as laboratory 
teachers, as well as opening their minds to different perspectives held by other TAs. 
Following this exercise, the programme leaders presented TAs with literature pertaining 
to transformational leadership, learning and teaching. During the following TLLLT 
workshops, TAs were organised into pre-determined groups that included TAs from 
similar science disciplines with diverse levels of experience to brainstorm and discuss 
how they could incorporate transformational teaching methods as laboratory teachers.  
Participants 
Twenty-seven TAs participated in this research. The TAs were all employed on a casual 
or sessional basis and were a mix of honours students, PhD candidates and staff for whom 
this was their main occupation. Eight TAs had less than one year of teaching experience, 
eleven had between one and three years of teaching experience while the remaining eight 
TAs had between four and ten years of teaching experience. Sixteen TAs were employed 
by the School of Chemistry, six by the School of Physics and Astronomy school and five by 
the School of Biological Sciences. Prior to undertaking the TA role, the TAs attended 
general teacher training that focused on topics such as the role of the TA, grading 
laboratory reports and issuing feedback. TAs also attended training specific to each 
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course they were employed in. This training included detailed use of all equipment, 
understanding of the specific experiments, marking schemes, the underlying theory and 
intended learning outcomes. Neither of these training programs included efforts to 
promote the specific development of TAs' leadership skills. During the laboratory 
sessions, TAs supported students in the completion of practical activities, ensuring that 
they completed their activities safely and on time. After the laboratory sessions, TAs 
graded students' laboratory reports and provided written feedback. The TAs did not have 
any input into designing the practical activities or the overall pedagogical approach 
employed for the laboratory sessions. The TLLLT programme took place during the 
second semester of an academic year on a weekly basis in order for participants to be 
able to actively reflect on their teaching experiences each week during the TLLLT 
workshops. All TAs signed consent forms to acknowledge their agreement to participate 
in this research study following their receipt of information sheets describing the nature 
of the research. Ethical clearance for this research was granted from the ethics committee 
within the institution that hosted this research.     
The role of the programme leaders 
Two researchers delivered the TLLLT programme. The main role of the researchers 
during the programme was to facilitate and guide discussions amongst TAs during the 
programme workshops. One programme facilitator, an expert in chemistry education, 
shared stories on their experience of laboratory teaching and learning, offered advice and 
contributed expertise on various aspects of teaching and learning. The other programme 
facilitator, a PhD student whose research interests focused on TA teacher development, 
shared stories on both their PhD journey of working with TAs as well as their experiences 
of fulfilling a chemistry laboratory TA role.  
Data Collection and Analysis 
The purpose of this research was to employ a narrative inquiry approach to develop TAs 
as transformational teachers and to explore how TAs perceived this process and 
harnessed it to influence the learning environment in the laboratory. Narrative research 
situates in a matrix of qualitative research given its focus on experience and the qualities 
of life and education (Connelly and Clandinin 1990). In order to explore how the TAs 
perceived they could adopt the core methods of transformational teaching in their roles 
97 
 
as laboratory teachers, TAs were asked to record their attitudes, ideas and opinions 
during the brainstorming discussions on sheets of paper that the researchers used as a 
mode of narrative to analyse. At the end of the TLLLT programme, semi-structured focus 
group interviews with one group of five TAs and another group of four TAs aimed to 
explore how TAs perceive this process to influence the learning environment in the 
laboratory. Participation in the focus group interviews was voluntary. A science 
education researcher who had no involvement in the TLLLT programme facilitated the 
semi-structured focus group interviews. Since thematic analysis is suited to analysing 
narrative (Riessman 2005), the responses of TAs through the brainstorm discussions as 
well as the semi-structured focus group interviews were inductively analysed  through 
collaboration of the researchers to identify patterns throughout data (Patton 1990, Braun 
and Clarke 2006). A reflexive approach to the collection and analysis of narrative involves 
addressing the interface of the researchers’ interpretations of the narrative and the 
research literature. (Latta and Kim 2009). Therefore, both during and after the TLLLT 
programme, the facilitators met weekly to reflect on the brainstorm discussions that took 
place and to discuss the report of the narrative. Literature was also consulted on a weekly 
basis to inform the development of narrative as well as to inform proceeding TLLLT 
instalments.   
Limitations  
There are some limitations to employing a narrative inquiry approach in developing TAs 
as transformational teachers. How narrators interpret and report on events is inherently 
influenced by a number factors including their own interpretations of events and their 
belief systems (Conle 2000). However, the limitations of analysing narrative inquiry can 
be negated by maintaining a dialectical relationship between the inquirer and their 
objective of inquiry (Conle 2000), as well as exercising reflexivity throughout the analysis 
by reciprocating interaction and modification (Latta and Kim 2009). Further, in 
attempting to nurture the intrinsic motivation of TAs to adopt the methods of 
transformational teaching, the programme facilitators resisted the prescription of 
transformational teaching characteristics and roles. Instead, they encouraged the TAs to 
critically reflect on and aspire towards their shared ideals of transformational teaching 
characteristics and roles. This approach limited the extent to which the programme 
facilitators could instruct TAs to incorporate transformational teaching methods, which 
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may have curtailed TAs’ understanding of how to incorporate such methods of teaching. 
It should also be noted that the TAs who participated in this research were a self-selected 
sample and, therefore, were perhaps more motivated to engage in discussions, share 
stories, contribute ideas and ultimately, adopt transformational teaching methods in 
their laboratory instructor roles.  
Findings and Discussion 
This section of this article will report on the narrative of the TAs’ contributions during 
the brainstorm discussions. An analysis of the focus group discussions will then provide 
insight into how the TAs perceived their participation in the TLLLT programme to have 
influenced the learning environment in the laboratory.   
Characteristics and Roles of Effective PhD Supervisors and Laboratory 
Instructors  
The words that TAs used to describe effective PhD supervisors included “caring, 
empathetic, approachable, trusting, supportive, provide intellectual stimulation, humorous 
and knowledgeable.” TAs also perceived similar characteristics of effective laboratory 
instructors “approachable, friendly, enthusiastic, patient, humorous, honest, professional, 
facilitator of learning, engaging and well-prepared." With regard to effective PhD 
supervisors and laboratory instructors, there was considerably less emphasis placed on 
their knowledge of their subject area compared to their roles in nurturing how their 
students felt. 
Intellectually Challenging and Encouraging Students  
Asking questions that required students to synthesise and apply their knowledge of 
various aspects of practical work and predicting hypothetical scientific observations 
were ways the TAs figured they could intellectually challenge students in the laboratory. 
Example questions here included, “Do you know why you are doing this? What would 
happen if you change a variable?” TAs felt that they could encourage students by 
acknowledging their strengths, challenging their perceptions of failure and assuring them 
that experimentation does not always guarantee success.  
Establishing a Shared Vision with Students  
The challenges that TAs predicted they would encounter when attempting to establish 
shared visions for laboratory learning with students included "time pressures, lack of 
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student motivation and reluctance to fully engage with TAs". Some TAs acknowledged how 
they may struggle to deal with 'know-it-all' students who had a 'misplaced confidence'. 
Nevertheless, the ways TAs figured they could work with students to establish shared 
visions for their laboratory learning included "tying their lab experiences to their future 
goals, asking students what they want to achieve in the lab, inspiring and nurturing their 
PhD aspirations".  
Personalising Attention and Feedback 
The majority of discussions on the aspects of laboratory work that TAs felt students 
should receive feedback on mostly focused on the practical aspects of laboratory work 
such as "time management, correct technique, progress, focus, participation and safety". 
TAs did not consider issuing feedback on students' conceptual understanding of 
laboratory work. According to the TAs, important factors to consider when issuing 
feedback to students included students' "cultural background, level of self-efficacy, prior 
knowledge, interest, disposition towards the lab, past TA experiences, well-being and 
confidence". TAs also considered factors related to individual TAs and their propensity to 
issue feedback based on how they are feeling and their competency in issuing feedback.  
Creating Experiential Learning Experiences 
TAs acknowledged how they could promote experiential learning experiences by 
emphasising the implicit life-long values that students can develop in the laboratory such 
as "respecting others, honesty and perseverance" which they can use regardless of the 
career they end up pursuing. Contextualising learning for individual students based on 
their own interests and motivations was another way TAs considered they could promote 
experiential learning in the laboratory.  
Promoting Preflection and Reflection Opportunities 
Examples of how TAs considered their role in facilitating reflection opportunities for 
students focused on asking questions such as "Have you done similar experiments before? 
How is this one different? How does this demonstrate the theory you learnt in a lecture?" 
TAs struggled to come up with examples of how they could facilitate preflection 
opportunities for students. However, asking students to predict observations, develop 
hypotheses and identifying goals they intend to achieve where some of the ways TAs felt 
they could facilitate preflection opportunities for students 
100 
 
Providing Modelling and Mastery Experiences 
In the first and in the last TLLLT workshop, the TAs were asked to consider the 
information, approaches and behaviours they could model for students in the laboratory. 
In the first workshop, their perceptions of such were concentrated on the practical 
aspects of laboratory work such as "maintaining safety, cleanliness, being methodical and 
ensuring students complete their practical activities on time". However, by the end of the 
TLLLT programme, while TAs acknowledged their role in addressing such practical 
aspects of laboratory work, they were now also beginning to consider other aspects of 
their role such as "acknowledging effort, fostering enthusiasm and interest, being 
empathetic, encouraging students to reason, question and understand, punctuality, 
organisation, emphasising values which will be useful in real-life, leadership qualities and 
fostering feelings of growth and maturity".  
Influence on the Laboratory Learning Environment:  
During the focus group interviews, TAs considered the factors that influenced the 
learning environment in the laboratory following their participation in the TLLLT 
programme. These factors included developing broader conceptualisations of their roles 
as TAs, reducing the emotional toll they experience in fulfilling the TA role, growing 
together as a community of leaders in the laboratory and as a result, witnessing changes 
in student behaviour.  
Broadening Role Conceptualisations 
Favouring objectivity over subjectivity is characteristic of a transactional approach to 
leadership (Jung and Avolio 2000) and prior to their participation in the TLLLT 
programme, the emphasis placed on maintaining safety and ensuring students complete 
their practical activities correctly and on time suggested that TAs operated on a 
transactional basis in their roles as laboratory instructors. They did not tend to associate 
their roles as transformational leaders in stimulating and inspiring students to achieve 
extraordinary outcomes (Bass and Riggio 2006). By the end of the TLLLT programme, 
TAs began to consider and acknowledge broader conceptualisations of their role that 
included praising, encouraging, motivating and expressing empathy towards students in 
the laboratory as well as tending to the practical aspects of laboratory work. 
Ontologically, this research maintained that the means to the development of 
transformational leadership qualities in TAs would be different for each TA, and for one 
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TA, this involved the development of a sense of permission to behave as a 
transformational leader that was uniquely distinct from the behaviours of other TAs:     
“…the main thing I gained that it is actually ok to [give positive feedback] because 
I had sort of started thinking maybe I should not have been doing that because some 
other [TAs] were just focusing on teaching the main things.”  
 
In perceiving their development as transformational leaders, one TA conceptualised their 
role as a facilitator of learning that involved 
"Allowing the students to grow and learn in their own kind of way and it is also 
recognising that the learning can be tailored to each individual student rather than 
a collective group because everyone learns in a different way."  
 
as opposed to the role of an instructor that would 
"…pretty much document and teach safety instructions, how to work apparatus" 
 
Prioritising and paying special attention to the needs for achievement and growth of 
followers is characteristic behaviour of transformational leaders in placing emphasis on 
considering the needs of individuals (Bass and Riggio 2006). It became evident that TAs 
began to express such behaviour as they emphasised the significance of employing 
individualised approaches to teaching that acknowledged students’ lack of experience 
relative to their own experience,  
“…even though you have done this before, these students are not familiar with it. 
They have come from a whole bunch of different backgrounds, you have to be open 
to them having completely different views.”  
 
One TA alluded to the consequences of not considering students as individuals with 
diverse learning experiences:  
“If you talk to them about words that they have never heard, only in high school 
maybe once or so, that's just going to scare them, it’s going to make them feel really 
dumb." 
 
Another TA conceptualised their leadership role as a personal leadership that required 
them to be responsible and courageous in making laboratory learning more meaningful 
for students  
102 
 
“It didn't feel like it was in any way meant to be a managerial position, it was really 
a personal leadership, it felt more like taking on responsibility rather than leading a 
class or a group like the way a teacher would have to lead a choir or a scout leader, 
it felt more like taking on responsibility, having skin in the game and being 
courageous enough and brave enough… [to] make it more real for the students".  
 
Reducing the Emotional Toll Experienced by TAs 
Fulfilling laboratory instructor roles can be a demanding experience due to the plethora 
of responsibilities that TAs assume, which can include grading, providing feedback, 
managing chemicals, developing undergraduate students’ practical skills and conceptual 
understanding as well offering encouragement and support (Herrington and Nakhleh 
2003, Bond-Robinson and Rodriques 2006). There were indications of an emotional toll 
harboured by TAs who participated in this research. While one TA claimed, “you are 
overwhelmed by the amount of stuff that is involved and the number of students”, another 
TA described the pressure of dealing with the consequences of student failure: 
"We try to explain stuff to students, we can be totally wrong, we do our very best 
[but] they can completely fail and that's tough, it feels that it's your fault because 
they trusted you and you have disappointed them. That's something that you have to 
risk." 
 
Effective time management that sees students complete all laboratory activities both 
correctly and on time as well as well as ensuring laboratory order and cleanliness added 
to the pressures experienced by another TA: 
"Quarter to the hour at the end of the lab, everything is meant to be clean and about 
twenty-to, you start to hyperventilate, no, I'm joking!!, but you know, you're there 
going like, damn, look at all this mess! 
 
While sharing stories about their experiences, concerns and apprehensions, TAs began to 
develop awareness of the pressures brought on by their own anxiety as well as the stress 
that students experience in the laboratory: 
"I have had a lot of anxiety around giving the desired outcome which is them 
finishing the lab, and now, I'm less stressed and I am focusing on trying to get them 





Not knowing all of the answers to students’ questions was another factor that contributed 
to the emotional toll experienced by TAs. During their discussions, they began to realise 
that they were not on their own in experiencing such apprehension. Building the courage 
to disclose their inability to answer all of students’ questions, empathising with students 
and collaborating with other TAs to solve problems were measures identified to relieve 
apprehensions. Envisioning their future development as teaching leaders, TAs 
acknowledged the importance of identifying and dealing with factors that add to the 
emotional toll they experience that included “when I am under pressure, or personal 
stress, the stress of my students, or the pressures of the job like keeping everyone to time.” 
By reducing such toll, one TA described its outcome as being "very liberating and actually, 
I feel much more real!". 
Developing as a Community of Leaders 
Idealised influence is the transformational leadership behaviour that involves modelling 
standards to followers  (Bass and Riggio 2006). Developing as transformational teachers 
that entailed their concurrent development as transformational leaders, TAs not only 
asserted an idealised influence on students in the laboratory. Their participation in the 
TLLLT prompted them to assert an idealised influence on other TAs who did not 
participate in the TLLLT programme by modelling transformational teaching as a 
standard:  
"I challenged a TA who didn't do this programme to do better. I was like, 'hang on a 
sec, I know what you feel about this field, and take a step back, realise that these are 
these students' first interactions in this field and you want a role model, the attitudes 
you portray are going to have a huge impact on these students' lifes', and they sort 
of went, 'awh! you're right!', and then the next week, I heard them talking, and they 
were saying how cool what they did was and what they loved about what they were 
doing, what they were hoping to do next, and so, I feel like I, they took that on." 
 
Another TA described changes in their interactions other TAs and their attempt to 
encourage them to take into consideration students’ relative experience and ability,  
"I noticed the way that I deal with other TAs has changed a little bit. I had a 
conversation with one of our TAs who suggested all kinds of rabbit holes to build on 
in the discussion and I said to him, 'dude, are you even aware that these kids don't 
have the mathematical background that you have? You are, a PhD student who does 
information theory, you are as close as to this as it gets, these kids don't know what 




As a result, TAs who participated in the TLLLT programme began to grow as a community 
of leaders that self-distinguished from TAs who did not participate in the programme:  
"Look at the group that we are in right now and the discussion that we are having, 
what the students are learning, what are we learning together, what have we 
achieved… With TAs who haven't done this programme, it's very much like, 'awh this 
lab didn't work, the students did this, the students did that!', so yeah, very us and then 
them, a dichotomy!" 
 
Changes in Student Behaviour 
In developing broader role conceptualisations and growing as a community of leaders 
during the TLLLT programme, TAs began to notice changes in the behaviour of students 
in the laboratory.  
"I felt that they are more relaxed when I am talking to them and they are, they feel 
at ease to approach me and to ask me questions… the whole atmosphere is a lot more 
relaxed, there is nothing to be afraid of or to be anxious about I guess, I felt better 
myself, for them to feel better.” 
"You notice that you get more gratitude at the end of the sessions and stuff... they are 
a lot more receptive and ask a lot more questions." 
"A small thing that I noticed, is at the start, students used to always say sorry before 
they asked me a question… but they don't anymore.” 
 
Reaction to the TLLLT Programme 
Brazilian philosopher, Paulo Freire argues, "Knowledge is not extended from those who 
consider that they know to those who consider that they do not know. Knowledge is built up 
in the relations between human beings and the world, relations of transformation, and 
perfects itself in the critical problematisation of these relations" (Freire, 1973 pg. 107). As 
such, the TLLLT programmes facilitators attempted to invert the approach to the 
development of TAs as transformational teachers by trusting TAs to collaborate with each 
other to assume responsibility for their adoption of the methods of transformational 
teaching. TAs acknowledged their acclaim of this inverted approach: 
"Sitting down in a room with other TAs, not in a training environment where you 
have to listen to a lecturer about how to teach something and actually talk to TAs 
and sharing stories, that helped a lot." 
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"I like that we were encouraged to put in our ideas, whatever they were…that was 
very cool. I felt like there was no wrong answers, everything was accepted and 
valued." 
"I think the approach from the people taking it, where we felt special and heard from 
the very first, that was really cool." 
 
TAs particularly emphasised their enjoyment of engaging with TAs from outside their 
own discipline:   
"I really loved that there were people from different groups of science and we all 
shared our experiences. It just gives us the appreciation that everybody tries hard in 
their field and they can actually connect in ways that we didn't think about before." 
 
as well as using TAs' perceptions of effective PhD supervisors to inform how they could 
teach effectively in the laboratory: 
"How our supervisors deal with you, what you expect from your supervisor, what you 
want and what you expect [from supervisors], and then relating them to [how you 
teach] and what students expect from you, I like those concepts about this 
programme." 
 
However, TAs acknowledged their desire for additional time to further evolve as 
transformational teachers. Additional time may also have been needed to transform their 
beliefs regarding the role of practical work as well as how they could nurture holistic 
learning in the laboratory. Developing the leadership skills of TAs, as a means of 
developing their teaching capabilities could be considered as fruitful areas for future 
research to explore based on the findings of this research. In contrast to models of teacher 
education that focus on transmitting information about what good teaching is and what 
good teachers do, one TA remarked how improving as a teacher involves more than just 
accumulating knowledge: 
"Because there is no actual, like, if you want to actually improve yourself as a teacher, 
tips and tricks are not going to help you out. It's kind of like a paradigm shift."  
 
Conclusions and Implications 
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Underpinned by the model of transformational teaching proposed by Slavich and 
Zimbardo (2012), the TLLLT programme set out to generate a space for TAs to reflect and 
discuss how their experiences, perceived capabilities, self-efficacy beliefs and attitudes 
towards teaching could implicate and inform their adoption of transformational teaching 
methods. The findings of this research describe how TAs envisioned their development 
as transformational laboratory teachers and they perceived such to have positively 
influenced the laboratory learning environment.  
At no point during the TLLLT programme were TAs prescribed roles or responsibilities 
nor was information transmitted about how they should adopt transformational teaching 
methods. Instead, fostering a safe and collaborative environment for TAs while 
acknowledging them as leaders with valuable expertise and ability to transform the 
laboratory learning experiences for students, proved to be sufficient to catalyse their 
transformation as transformational teachers. 
Incorporating transformative learning theory is a powerful means of transforming the 
pedagogical approaches of not just TAs, but also of those who teach at every level 
throughout higher education (Gravett 2004, Lebak and Tinsley 2010, Badara 2011). It is 
recommended that emphasis be placed on facilitating the development of future faculty 
members as transformational teachers who should be encouraged to recognise and 
prioritise the establishment of a teaching and learning culture that champions the holistic 
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This chapter presented the findings of this research that are disseminated throughout 
three published papers. These publications describe the development and 
implementation of the TCL-GTA programme and how it was evaluated to evidence the 
promotion of participants' sense of psychological empowerment and the promotion of 
positive verbal interactions in the undergraduate chemistry laboratory. A paper arising 
from a collaboration with Professor Tina Overton in Monash University in Melbourne, 
Australia detailed the implementation of the Transforming Laboratory Leadership, 
Learning and Teaching programme (TLLLT) that sought to catalyse participants in their 
laboratory teaching roles by placing emphasis on their development as leaders in line 







5  Discussion, Recommendations, Implications and Conclusion 
5.1 Introduction 
In an effort to lessen the tendency for the article-based approach to doctoral study to 
fragment research, this chapter aims to synthesise the published and unpublished 
findings of this research towards generating insight into the development and evaluation 
of graduate students’ laboratory teaching capabilities. As detailed in Figure 5.1, the 
problem space that this research addressed was the development of new ways of 
developing and evidencing advancements to graduate students’ teaching capability and 
the objectives that guided this research involved: 
1. To investigate the alignment of the perceptions of undergraduate students and 
graduate students who teach in the undergraduate chemistry laboratory 
regarding the responsibilities of laboratory demonstrators in addressing 
cognitive, affective and psychomotor learning experiences in the general 
chemistry laboratory. 
2. To consider how the alignment, or misalignment of such perceptions can inform 
the design of a teacher development programme for graduate students who fulfil 
laboratory instructor roles. 
3. To explore how the sense of psychological empowerment experienced by 
graduate students in their laboratory instructor roles influences their teaching 
self-image and behaviours. 
4. To develop a graduate-student teacher development programme that seeks to 
enhance the sense of psychological empowerment experienced by graduate 
students in their laboratory instructor roles. 
5. To investigate the influence of this programme on the sense of psychological 
empowerment experienced by the graduate students and how they perceived it 
influenced their teaching self-image and behaviours 
6. To develop an instructional model that would guide graduate students in 
conceptualising how students learn in a meaningful manner according to Novak’s 
theory of meaningful learning and to inform how they instruct undergraduate 
students in the laboratory. 
7. To evaluate the impact of graduate students’ participation in the teacher 
development programme featuring the implementation of the Meaningful 
Learning in the Laboratory instructional model as well as the simultaneous 
enhancement of their sense of psychological empowerment on the verbal 
interactions they have with undergraduate students in the laboratory. 
 
Towards the end of the Chapter, the limitations, recommendations and implications for 




Figure 5-1: Problem Space addressed by this research. 
5.2 Developing Teaching Capability: Enhancing Psychological 
Empowerment  
The first aspect of the problem space that this research addressed was developing the 
teaching capability of graduate students in a way that deviated from the transmission 
model of teacher education whereby information pertaining to what good teaching looks 
like is transmitted (Johnson and Golombek 2002). Much of the extant literature on 
graduate-student teacher development programmes details that many of these 
programmes involve modelling of successful teaching practices (Shannon et al. 1998, 
Kurdziel et al. 2003, Bond-Robinson and Rodriques 2006, Marbach-Ad et al. 2012, 
Pentecost et al. 2012, Richards-Babb et al. 2014, Wheeler et al. 2015, Wheeler et al. 2016) 
and studying various learning theories such as guided learning, Bloom's taxonomy, rote 
and meaningful learning (Kurdziel et al. 2003, Bond-Robinson and Rodriques 2006, 
Pentecost et al. 2012, Wheeler et al. 2015, Wheeler et al. 2016).  
The TCL-GTA Programme  
In challenging the prevailing transmission model of chemistry graduate-student teacher 
education, this research involved the design, implementation and evaluation of the TCL-
GTA programme that sought to enhance the sense of psychological empowerment 
experienced by graduate students who fulfil laboratory instructor roles towards the 
development of their teaching capabilities.  
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The Evidence – Align – Develop framework, developed from Phase 1 to address 
misalignment in the perceptions of the laboratory demonstrator role responsibilities 
informed the design of the TCL-GTA programme. Here, this translated into the adoption 
of three sequential processes throughout the TCL-GTA programme of identifying a 
problem as a function of undergraduate students' affective, cognitive and psychomotor 
learning difficulties, setting a goal and drawing attention to graduate students’ potential 
to remedy this problem.  
This research embraced an analogy portrayed by Ashcroft (1987) that sought to firstly, 
perceive and believe in the teaching capability and capacity of each individual graduate 
student while secondly, seeking to transform this teaching capability and capacity into 
human power. The role would therefore involve nurturing graduate students' belief in 
their teaching capabilities and capacities instead of transmitting information on what 
good teaching looks like to them. The transformation of their teaching capability and 
capacity into human power would then manifest through the pronouncement of their 
teaching self-images and behaviours in the laboratory. In doing so, the TCL-GTA 
programme sought to emphasise to graduate students the importance of their roles as 
teachers to undergraduate students in the undergraduate laboratory as a means of 
catalysing them in their teaching roles. The MLL instructional model was designed to 
guide graduate students’ conceptualisation of how students learn meaningfully in the 
laboratory, as well as informing how they instruct and interact with students in the 
laboratory. The implementation of the MLL instructional model sought to facilitate the 
generation of the conditions of teacher empowerment that are linked to enhanced 
student performance (Marks and Louis 1997, Sweetland and Hoy 2000). These 
conditions include the affordance of decision making opportunities relating to teaching 
and learning decisions (Sweetland and Hoy 2000) in a professional teaching community 
that has collective responsibility for student learning (Marks and Louis 1997). As such, 
the implementation of the MLL instructional model was characterised by encouraging 
graduate students to openly discuss their ideas and opinions pertaining to the questions 
that compose the MLL instructional model which are based on deciding upon meaningful 
learning outcomes for undergraduate students in the chemistry laboratory.   
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5.3 Evaluating Impact of the TCL-GTA Programme 
The second aspect of the problem space that this research addressed was the lack of 
convincing evidence that participation in graduate-student teacher development 
programmes positively influences their teaching practices (Sandi-Urena et al. 2011a). 
This can be attributed to the employment of evaluation modalities that are limited in 
providing concrete evidence of advancements made to the teaching practices of its 
participants that include observation analyses (Kurdziel et al. 2003, Hampton and Reiser 
2004, Bond-Robinson and Rodriques 2006), interviews with faculty and participating 
graduate students  (Kurdziel et al. 2003, Pentecost et al. 2012, Wheeler et al. 2015), 
surveys and questionnaires (Nurrenbern et al. 1999, Pentecost et al. 2012, Richards-Babb 
et al. 2014, Wheeler et al. 2016), student surveys and questionnaires (Nurrenbern et al. 
1999, Marbach-Ad et al. 2012, Pentecost et al. 2012) and comparison of undergraduate 
students’ terminal course exam scores (Hampton and Reiser 2004). In order to present 
concrete evidence of advancements made to the teaching practices of graduate students, 
this research evidences how their participation in the TCL-GTA programme led to their 
enhanced sense of psychological empowerment, perceived teaching self-images and 
behaviours as well as enhanced verbal interactions with undergraduate students in the 
undergraduate laboratory.  
5.3.1 Sense of Psychological Empowerment 
The first evaluation of the impact of the TCL-GTA programme involved analysing the 
influence of psychological empowerment on the enhancement of graduate students' 
perceived teaching self-image and behaviours. Prior to the TCL-GTA programme, this 
research documents low levels of psychological empowerment experienced by graduate 
students in their laboratory demonstrator roles because they did not see themselves as 
teachers responsible for enhancing undergraduate students’ laboratory learning 
experiences. Such levels of low senses of psychological empowerment manifested in 
graduate students' refrainment from engaging with undergraduate students with the 
intention of enhancing their learning experiences in the laboratory. The graduate 
students were hesitant to perceive a sense of autonomy as laboratory demonstrators 
because they were unaware of whether it was within the intentions of course leaders for 
them to do so. The titles used to address the graduate students influenced their sense of 
competency. As laboratory demonstrators, the graduate students claimed to be 
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somewhat competent in demonstrating the practical aspects of laboratory sessions. 
However, they did not perceive to be competent as teachers due to a number of factors 
that included a lack of appropriate preparation to teach, alignment of their own research 
fields to the particular laboratory content that they were assigned to demonstrate, time 
with undergraduate students, confidence, alignment in perceptions of the role of the 
laboratory demonstrator, feedback on their performance, the prevalence of a language 
barrier and high student expectations for laboratory demonstrators to teach. The 
graduate students’ sense of meaningfulness stemmed from the opportunities the 
laboratory demonstrator role presented them in developing their science communication 
skills and understanding of basic chemical concepts. However, by the end of the TCL-GTA 
programme, the graduate students developed a heightened sense of psychological 
empowerment as they began to realise their teaching capabilities and the importance of 
their teaching responsibilities. A key factor that promoted their sense of meaningfulness 
was the positive nature of the undergraduate feedback in relation to the impact that 
graduate students had on undergraduate students' laboratory learning experiences. This 
came as a surprise as the graduate students didn't realise how much undergraduate 
students valued their interventions as teachers.  
Implicating Contextual, Training and Personal Factors 
A number of contextual, training and personal factors were identified as factors that 
influenced their sense of psychological empowerment and self-image as teachers (Figure 
5.2). Regarding the influence of contextual factors, student behaviour can influence 
teachers’ self-efficacy and job satisfaction (Mottet et al., 2004) and in this study, the 
behaviour of students influence the graduate students’ self-image as teachers in the 
laboratory. In perceiving positive changes in students behavour towards them, this 
encouraged the graduate students to become even more present as teachers in the 
laboratory. As one of the six dimensions of teacher empowerment, teacher status refers 
to how teachers feel their knowledge and expertise is respected (Short 1994). In an effort 
to promote their status as teachers and not as demonstrators, the researchers addressed 
the graduate students as 'graduate teaching assistants' and not as 'demonstrators' during 
the TCL-GTA programme. During the pre and post TCL-GTA programme interviews, the 
graduate students claimed to be somewhat competent in demonstrating the practical 
aspects of laboratory sessions. However, by the end of the TCL-GTA programme, the 
graduate students reported to have developed an enhanced sense of confidence and self-
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assurance in their skills to do their job in line with how they began to realise their status 
as ‘teachers’ as opposed to practical ‘demonstrators’. The graduate students were hesitant 
to perceive a sense of autonomy over what and how undergraduate students learnt in the 
laboratory as LDs because they were unaware of whether it was within the intentions of 
course leaders for them to do so. Such ambivalence substantiates the postulation that 
graduate students are propelled into a vortex of mystification during their efforts of 
deciphering the values of faculty towards teaching, learning and research (Nyquist et al. 
1999). Graduate students in this study were not aware that they could, or should teach 
undergraduate students which ultimately caused them to refrain from interacting with 
undergraduate students.  
Regarding the influence of training factors, the three conditions that made up the 
empowerment process nurtured by this research, including the affordance of decision 
making opportunities relating to teaching and learning decisions (Sweetland and Hoy 
2000) in a professional teaching community that had a collective responsibility for 
student learning (Marks and Louis 1997) promoted the enhancement of graduate 
students’ teaching self-image and behaviours. Finally, emphasising the significance of 
graduate students’ role in the undergraduate laboratory, by way of nurturing their sense 
of impact, competency, autonomy and meaningfulness in their roles as laboratory 





Figure 5-2: Contextual, training and personal factors that can influence graduate students' sense of 
psychological empowerment and self-image as teachers. 
 
5.3.2 Laboratory Verbal Interactions 
The second evaluation of the impact of the TCL-GTA programme involved analysing the 
verbal interactions that occurred between graduate students with undergraduate 
students in the laboratory. This involved analysing, 38 hours of laboratory audio 
recordings, 1553 cognitive explanations, 831 cognitive questions, 651 instructions, 473 
practical questions and 1543 student questions.  
Increased Level of Verbal Interaction 
By the end of the TCL-GTA programme, the level of verbal interaction between graduate 
students and undergraduate students in the laboratory increased. This increase in verbal 
interaction was characterised by an increase in the number of times the graduate 
students asked cognitive questions (n = +324), practical questions (n = +128), provided 
cognitive explanations (n = +471) and issued practical instructions (n = +109) from stage 
1 to stage 3 of the audio recordings. Further, the number of questions that the 
undergraduate students asked the graduate students also increased (n = +519) from 
stage 1 to stage 3 of the audio recordings. Previous research purports a lack of conceptual 
verbal interaction between graduate students and undergraduate students in the general 
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chemistry laboratory (Bond-Robinson and Rodriques 2006, Krystyniak and Heikkinen 
2007, Velasco et al. 2016). However, this research challenges this as in all of the audio 
recording stages, graduate students were engaging in conceptual discussion with the 
undergraduate students despite having had no prior teacher development or stimulus to 
do so. This research also challenges previous research purporting the dominance of 
practically focused verbal interactions involving experimental procedures, apparatus, 
substances and laboratory techniques between graduate teaching assistants and 
students in the general chemistry laboratory (Krystyniak and Heikkinen 2007, Velasco et 
al. 2016). In this research, the graduate students who participated in the TCL-GTA 
programme asked more cognitive questions than practical questions and they also 
provided more cognitive explanations than procedural instruction throughout the TCL-
GTA programme. In order words, although the graduate students may have been engaged 
with the undergraduate students in discussing procedures, equipment, and laboratory 
techniques, they nevertheless were doing so in a way that was seeking to develop the 
undergraduate students’ understanding of such procedures, apparatus, substances and 
laboratory techniques. The findings of this research also indicate how the number and 
duration of graduate student-initiated interactions was greater than the number and 
duration of undergraduate student-initiated interactions. Further, while the TCL-GTA 
programme had no significant impact on the number of interactions initiated by graduate 
or undergraduate students at any stage of the research, there was a significant increase 
in the duration of these interactions. 
Increased Level of Conceptual Discussion 
While there was an increase in the level of verbal interaction in the laboratory, there was 
also an increase in the level of conceptual discussion between the graduate and 
undergraduate students. This increase in conceptual discussion may be attributed to two 
aspects of the TCL-GTA programme. Firstly, in the opening seminar, the principal 
researcher presented the graduate students with literature associated with the problems 
and concerns that the science education community has regarding the efficacy of 
laboratory learning experiences in fostering the development of conceptual 
understanding (Bates 1978, Blosser 1980, Hofstein and Lunetta 1982, Hodson 1990, 
Hawkes 2004, Hofstein and Lunetta 2004, Lunetta et al. 2007, Hofstein and Kind 2012), 
specifically, the multiple dimensions of chemistry were discussed using Johnstone’s 
macro, sub-micro and symbolic triangle of chemical representation (Johnstone 1982, 
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Gabel 1993, Alex H Johnstone 1993, Kozma and Russell 1997, Gabel 1999, Johnstone 
2000, Nelson 2002, Treagust et al. 2003, Bucat and Mocerino 2009, Tsaparlis 2009). The 
presentation of this literature sought to identify a problem for graduate students to 
address in line with the empowerment process designed towards the enhancement of the 
graduate students’ sense of psychological empowerment.  Secondly, similar to other 
laboratory instructional models such as the predict-observe-explain technique 
(Gunstone and White 1981, Gunstone 1991, White and Gunstone 1992) and the model-
observe-reflect-explain thinking frame (Tien et al. 1999, Tien et al. 2007, Poon et al. 
2012), the MLL instructional model also placed emphasis on nurturing students’ 
comprehension of macroscopic properties on a conceptual level. In relation to learning 
within the cognitive domain, engaging with the MLL instructional model prompted 
graduate students to consider and discuss what concepts the undergraduate students 
should be gaining insight to during laboratory sessions and how the graduate students 
could facilitate this. Therefore, towards the enhancement of conceptual discussion in the 
laboratory, it was necessary for the graduate students to become aware of the prevailing 
barriers to conceptual learning while collaborating with other graduate students in 
discussing how they could alleviate such barriers.  
5.3.3 Correlating Psychological Empowerment and Verbal Interactions 
A key factor in catalysing such verbal interactions was enhancing graduate students’ 
teaching self-image by being empowered to do so during the TCL-GTA programme. Prior 
to the TCL-GTA programme, the graduate students did not see themselves as teachers 
responsible for enhancing undergraduate students’ laboratory learning experiences. As 
such, they refrained from engaging with undergraduate students with the intention of 
enhancing their learning experiences in the laboratory. However, developing an 
enhanced teaching self-image through their exposure to empowering graduate-student 
teacher development conditions during the TCL-GTA programme can correlate to the 
enhancement of verbal interactions in the undergraduate chemistry laboratory as 
evidenced throughout this research.  
5.3.4 Transformational Learning, Leadership and Teaching 
A key aspect of this research was to challenge the transmission model of teacher 
education featuring the transmission of knowledge about what good teaching is and what 
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good teachers do to student teachers. While the TCL-GTA programme implemented at the 
University of Limerick aimed achieved this through nurturing participants' sense of 
psychological empowerment, the TLLLT programme implemented at Monash University 
also achieved this by emphasising participants' development as leaders in line with the 
construct of transformational teaching (Slavich and Zimbardo 2012). The TLLLT 
programme aimed to nurture teaching assistants' intrinsic motivation and ownership of 
their own adoption of the transformational teaching methods using a narrative inquiry 
approach. The findings of this research recommend for future graduate-student teacher 
development programmes to foster collaborative environments for TAs while 
acknowledging them as leaders with valuable expertise and ability to transform the 
laboratory learning experiences for students. It is also recommended that emphasis be 
placed on facilitating the development of future faculty members as transformational 
teachers who should be encouraged to recognise and prioritise the establishment of a 
teaching and learning culture that champions the holistic development of their future 
students. 
5.4 Limitations 
There are some limitations to this research to consider when interpreting its findings.  
1. There is a limitation to employing design research as a research methodology for 
designing the TCL-GTA programme as it is argued that “if a researcher is intimately 
involved in the conceptualisation, design, development, implementation, an re-
searching of a pedagogical approach, then ensuring that researchers can make 
credible and trustworthy assertions is a challenge” (Barab and Squire 2004, p.10). 
In order to mitigate the drawbacks associated this limitation, the researcher 
ensured the validity and reliability of claims made through continuous 
consultation with all of the major stakeholders in this research throughout all of 
its phases.   
 
2. It is acknowledged that “psychology’s emphasis on the cognitive processes of the 
individual leads us to study individual’s sense of empowerment rather than actual 
increases in power, thereby making the political personal” (Riger 1993, p.280). The 
purpose of this study was not to develop or assess graduate students’ actual 
impact, autonomy, competency or meaningfulness as the four intrinsic 
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motivational cognitions of the psychological empowerment construct (Spreitzer 
1995). Rather, the purpose of this study was to explore and enhance their sense of 
impact, autonomy, competency and meaningfulness towards the development of 
their teaching self-image and capabilities.  
 
3. Since the data analysis procedure employed for evaluating the impact of the TCL-
GTA programme on laboratory verbal interactions relied on the quantification of 
verbal interactions between graduate students and undergraduate students, it 
limits the extent to which the chemical content of such verbal interactions can be 
explored. For instance, the data presented in publication 3 does not indicate 
whether graduate students prized the construction of undergraduate students’ 
understanding of chemical concepts upon exploring undergraduate students’ 
prior knowledge as advocated by the MLL instructional model. Insight into the 
accuracy, complexity or duration of graduate students’ explanations is also limited 
through the quantification of their verbal interactions. The findings documented 
in publication 3 cannot claim that participating in the TCL-GTA programme led 
graduate students to establish more meaningful learning environments for the 
undergraduate students using the MLL instructional model. Since meaningful 
learning entails experiencing learning within students’ cognitive, psychomotor 
and affective domains (Novak 2010), publication 3 only describes the impact of 
the TCL-GTA programme on the cognitive and psychomotor verbal interactions 
between graduate students and students.  
 
4. Regarding the analysis of the TCL-GTA programme on the number and duration of 
verbal interactions between the graduate and undergraduate students, they had 
more opportunities to interact in stage 3 compared to stage 1 since the time taken 
for students to complete the laboratory sessions during stage 3 lasted longer than 
stage 1. Secondly, the nature of the laboratory session, and the undergraduate 
students’ relative experience in completing the particular laboratory sessions may 
have implicated interactions between graduate and undergraduate students. The 
titrimetric methods experiment that took place during stage 2 was the 
undergraduate students’ third experiment using such titrimetric methods. The 
undergraduate students’ experience of these experiments may have reduced their 
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need to consult and thus, interact with the graduate students.  
 
5. Finally, this research was carried out with a self-selected sample of graduate 
students. Inevitably, self-selected groups may be susceptible to bias as in this case, 
those who voluntarily participated in this research may be representative of a 
portion of graduate students with a heightened motivation to teach. More research 
is required into investigate whether the TCL-GTA programme or the construct of 
psychological empowerment can lead to the enhancement of the teaching self-
image of greater cohorts of graduate students or wider teaching populations.  
5.5 Recommendations  
Through the synthesising the findings of this research undertaken at the University of 
Limerick (TCL-GTA programme) and at Monash University (TLLLT programme), a 
problem-based model of graduate-student teacher education to inform future graduate-
student teacher education programmes throughout  higher education is proposed (Figure 
5.3). A number of recommendations will then be made towards informing future 
Graduate-Student Teacher Education at the University of Limerick. 
5.5.1 A Problem-Based Model of Graduate-Student Teacher Education  
 
Johnstone (1993) classifies eight types of problems. Opposing the recall of algorithms and 
application of the problem to that algorithm that comprises a type 1 problem, the eighth 
and final category of problems refer to those which are most open ended that may be 
found in the workplace or academic research. Therefore, the problems that comprise this 
problem-based model of graduate-student teacher education (Figure 5.3) are those 
which are open-ended and directly apply to the teaching and learning challenges that 
graduate-students may face as future faculty members. The goals, problems, assumptions 










Figure 5.3: A Problem-Based Model of Graduate-Student Teacher Education Derived from the TCL-
GTA and TLLLT Programme Findings.  
 
Goals 
The goals of this model of graduate-student teacher education is to firstly establish an 
unthreatening and collaborative environment before empowerment and leadership 
development theory is embraced in which graduate students are encouraged to 
contemplate a series of undergraduate student learning and professional development 
problems.  
Unthreatening and Collaborative Environment 
According to Overton and Potter (2011), developing "open-ended problem solving skills is 
to allow them [students] to practise in an unthreatening environment." (2011, p.301). As 
such, when collaborating with other graduate students in addressing open-ended 
problems pertaining to undergraduate student learning and professional development, 
graduate students should feel unthreatened to raise their opinions and ideas while having 
their voice heard and listened to. In line with Giddens' interpretation of power that 
associates the agency of an individual with having the ability to make a difference, 
promoting graduate students' professional agency to make a difference could start by 
establishing an environment that acknowledges their ability to appropriately address 




Empowerment and Leadership 
Provided an unthreatening environment has been established, concepts related to 
empowerment and leadership theory should be embraced.   
In respect to empowerment theory, it should be endeavoured to firstly identify and 
understand the factors that limit graduate students' sense of empowerment as teachers. 
This research identified a number of personal, training and contextual factors that 
implicated graduate students' sense empowerment. The personal factors included their 
sense of impact, competency, meaningfulness and autonomy which comprise the sense 
of psychological empowerment. The training factors that enhanced graduate students' 
sense of psychological empowerment included nurturing authentic pedagogy in a 
professional teaching community which had a collective responsibility for learning 
(Marks and Louis 1997). The contextual factors included undergraduate student 
behaviour, faculty expectation and encouragement as well as the role titles used to 
address graduate students in their teaching roles. These factors will most likely influence 
individual graduate students' sense of empowerment in different ways and as such, it is 
important to employ individualised approaches in endeavouring to enhance graduate 
students' sense of empowerment. In order for this to be achieved, it comes as a 
recommendation to keep the ratio of programme facilitators to graduate students as low 
as possible.   
In respect to leadership theory, it should be considered to explicitly develop graduate 
students as leaders as a means of implicitly developing them as teachers. It comes as a 
recommendation to guide graduate students in enacting the four transformational 
leadership behaviours as teachers. These behaviours include (i) idealised influence, (ii) 
inspirational motivation, (iii) intellectual stimulation and (iv) individualised 
consideration (Bass and Riggio 2006). Here, graduate students should be encouraged to 
embrace their roles as role models, exhibiting high standards to their followers 
(undergraduate students) as per the traits of idealised influence behaviour. Graduate 
students should seek to motivate and inspire their followers by establishing meaningful 
and challenging work contexts as per the traits of the inspirational motivation behaviour. 
Graduate students should seek to stimulate their followers by questioning assumptions, 
reframing problems and approaching problems in an innovative way as per the traits of 
the intellectual stimulation behaviour. Graduate students should be encouraged to 
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prioritise and pay special attention to the needs for achievement and growth of their 
followers as per the traits of the individualised consideration behaviour.  
Undergraduate Student Learning and Professional Development Problems 
What is a problem in the first place? A problem is when there is a difference between 
where you are now and where you want to be (Robertson 2016) and according to 
Wheatley (1984), solving problems is "what you do when you don't know what to do" (pg. 
1). Arguably, the two fundamental goals of any teacher education programme is to firstly 
facilitate and enhance learning experiences for teachers' future students while secondly 
facilitating and enhancing the professionalism of teachers. Therefore, the problems set 
out by this model of graduate-student teacher education focus firstly on undergraduate 
student learning and secondly, on the professional development of teachers. 
Furthermore, by exposing graduate students to these problems, it may implicitly develop 
their awareness of their pressing nature. Examples of both types of problems include: 
Problems Focused on Undergraduate Student Learning: 
- What do you think is important for students to learn? 
- What do you think are the barriers to learning in chemistry? 
- What do you think does it mean to learn meaningfully as an undergraduate 
student? 
- What skills do you think undergraduate students need to prepare them for life 
after university?  
- What do you think you can you do to help undergraduate students?  
  
Problems Focused on Professional Development:  
- What do you think are the characteristics and behaviours of ideal PhD 
Supervisors? 
- What do you think are the characteristics and behaviours of a leader you admire? 
- How do the characteristics and behaviours of perceived ideals of PhD supervisors 
and leaders compare? 
- What do you think you need to do to improve as a teacher? 
- What do you think you need to do to improve as a leader? 
- How do you think the development of your leadership skills could influence 
undergraduate students? 
 
Assumptions & Limitations 
It is important to identify and acknowledge some assumptions and associated limitations 
of this model of graduate-student teacher education.  
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- Assumption 1: This model assumes that graduate students will already have a good 
idea of how and what to teach. 
- Associated Limitation 1: This model does not prioritise the transmission of 
knowledge pertaining to what good teaching looks like. As a result, graduate 
students will not receive much teacher-education or content-specific knowledge 
directly. However, being encouraged to figure out solutions to these problems 
should serve to indirectly guide graduate-students' construction of these types of 
knowledge bases.  
 
- Assumption 2: This model assumes that graduate students will be empowered 
following the implementation of this model.  
- Associated Limitation 2: An individual cannot directly empower another 
individual. It is up to individuals to empower themselves. Programme facilitators 
can however generate the conditions that have been reported to be successful in 
enhancing the sense of empowerment experienced by other individuals (Marks 
and Louis 1997, A. Flaherty et al. 2017b). Furthermore, empowerment research is 
inherently limited by psychology's emphasis on cognitive processes and as a 
result, we are restricted to report on an individual’s sense of empowerment rather 
than reporting on any actual increases in power (Riger 1993).  
 
- Assumption 3: This model assumes that problems related to undergraduate 
student learning and the professional development of graduate students can be 
resolved following the implementation of this model. 
- Associated Limitation 3: This model cannot guarantee resolution of these 
problems. However, steps can be taken towards their resolution by making 
participants aware of the nature of these problems while nurturing their intrinsic 
motivation and ownership of seeing to their resolution.   
 
5.5.2 Future Graduate-Student Teacher Education at University of Limerick 
 
Based on the findings of this research, a number of recommendations will now be made 




1. Terminology:  
High-vis vests worn be graduate students in the laboratory should be changed to 
read 'Graduate Teaching Assistant' as opposed to 'Lab Demonstrator'.  
 
2. Decision Making and Collaboration with Faculty 
Since graduate students are present for 100% of lab duration, engaging in 
hundreds of one-to-one interactions with undergraduates, graduate students in 
collaboration with faculty members should be allowed to make 80% of the 
decisions regarding to what students should do, learn and feel in the lab. 
3. Future Graduate-Student Teacher Education Programme. 
A teacher education programme, underpinned by the problem-based model of 
graduate student teacher education described in section 5.5.1 should be installed. 
It comes highly recommended for graduate students to receive six European 
Credit Transfer System credits towards their structured PhD programme in return 
for completing this programme as well as their laboratory teaching roles. Other 
possible incentives that should be organised include teaching accreditation or 
evidence interpersonal skill development should graduate students choose to 
fulfil a career in industry as opposed to academia. Effective collaboration with 
those who oversee the Diploma in Teaching Learning & Scholarship at the 
University of Limerick is necessary for this to be executed effectively.  
5.6 Implications for Future Research 
This research has generated a number of directions for future research, pertaining to the 
development of graduate students’ teaching capability to consider.  
5.6.1 Psychological Empowerment  
While a number of factors can contribute to graduate students’ self-image as teachers 
(Sandi-Urena and Gatlin 2013), relatively little is known about how their teaching self-
image can be enhanced. This study evidenced the efficacy of the psychological 
empowerment construct in levering the enhancement of graduate students’ teaching self-
image. However, further research is needed to gain insight into whether there are other 
constructs and methods that are capable of achieving similar results. Building on Fuller’s 
model of teacher development that purports the journey of a novice teacher to extend 
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outwards from concerns about self, to tasks and to students, novice teachers also embark 
on a journey inwards as they grow as a teacher and a person (Conway and Clark 2003). 
Here, novice teachers also grow inwards as they develop hopes and aspirations for their 
‘self-as-teacher’. While the graduate students involved in the TCL-GTA programme 
developed a heightened sense of meaningfulness in their teaching roles from extending 
their concerns outwards, potential exists for further research to explore whether 
graduate students also develop hopes and aspirations during a teacher development 
programmes for not only their ‘self-as-teacher’ but also for their ‘self-as-researcher’.    
5.6.2 Verbal Interactions and Meaningful Learning in the Laboratory 
The TCL-GTA programme proved to be effective in enhancing the number of verbal 
interactions between graduate and undergraduate students in the laboratory as well as 
the proportion of these interactions that addressed the conceptual components of 
laboratory sessions. However, since this research did not investigate the nature of 
chemical content discussed, more research needs to explore how graduate students 
articulate their explanations of various chemical concepts. Further, effectively diagnosing 
and constructing students’ conceptual understanding was a persistent difficulty 
encountered by graduate students during the TCL-GTA programme. More research needs 
to explore and develop effective questioning strategies suited to the needs of graduate 
students that provide them with the skills to diagnose and construct undergraduate 
students’ conceptual understanding in a meaningful way in the laboratory. 
Since meaningful learning entails experiencing learning within students’ cognitive, 
psychomotor and affective domains (Novak 2010) and this research only considered the 
impact of the TCL-GTA programme on the cognitive and psychomotor verbal interactions 
between graduate students and students, more research needs to explore how graduate 
students can influence students’ affective domain of learning. The MLL instructional 
model is not strictly confined to being implemented in the context of chemistry graduate-
student teacher development programmes and as such, further research could 
investigate the impact of implementing the MLL instructional model in other teacher 
development contexts such as initial teacher education.  
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5.6.3 Transformational Leadership Development and Teaching 
The processes of leadership and teaching are intrinsically similar. As with any teaching 
process that involves a teacher working with students to develop shared insight and 
understanding, the leadership process is defined as "a process whereby an individual 
influences a group of individuals to achieve a common goal" (Northouse 2012, p.5). 
Therefore, developing the transformational leadership skills of teachers may have rich 
affordances towards the development of their teaching capabilities. Developing the 
transformative leadership characteristics of higher education leaders is of acute 
importance towards the promotion of holistic undergraduate student learning and 
development (Quinlan 2014), however, this process is generally not well recognised, 
understood or supported (Bass 1998, Debowski and Blake 2004, Yielder and Codling 
2004, Quinlan 2014) and further, transformational leadership theory as pedagogy 
remains untested (Boyd 2009). Future research could investigate these gaps in the 
literature towards informing the enhancement of teaching, learning and leading 
throughout higher education.  
5.7 Conclusion  
This research provides an insight into how nurturing graduate students’ sense of 
psychological empowerment is a useful process towards catalysing their teaching roles 
in the undergraduate laboratory. This research provides insights into a number of 
contextual, training and personal factors that can implicate graduate students’ sense of 
psychological empowerment, identified through their perceptions of their teaching self-
image and behaviours. By generating empowering teacher development conditions, 
graduate students in this research developed a heightened sense of psychological 
empowerment in their roles as laboratory teachers. Enhancing their sense of 
psychological empowerment prompted the graduate students to develop more 
pronounced perceptions of their teaching self-images and behaviours. In doing so, the 
graduate students became more present as teachers in the laboratory by interacting with 
undergraduate students to a much greater extent towards generating more meaningful 
laboratory learning environments. This research advocates the necessity to acknowledge 
and embrace the significance of graduate students’ teaching roles in the laboratory 
towards promoting positive learning environments for undergraduate students and 
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Appendix 1: Phase 1 Undergraduate Student Questionnaire 
A questionnaire to be completed by students enrolled in General Chemistry 
1  
 
Gender: Female   Male     Age 
___________ 
 
Title of Course of Study:_______________________________________________________ 
 
Instructions 
This questionnaire consists of two parts; Part A and Part B. 
Part A consists of 12 statements which investigate your attitudes towards General 
Chemistry laboratory sessions and your perceptions of the role of the Graduate 
Teaching Assistant during these laboratory sessions 
Below is an example of what each statement will look like: 
Toyota cars are the best built cars in the world 
Strongly Agree 








Based on your level of agreement, tick the box which corresponds to the extent 
of your agreement with the aforementioned statement 
 
Part B consists of two open-ended questions to provide you with a greater degree of 




Part A: Likert Statements 
1. Completing laboratory sessions helps me to understand chemical concepts 






















3. Laboratory demonstrators are prepared for and thoroughly understand general 











4. Laboratory demonstrators are good at explaining chemical concepts in the 











5. I would enjoy learning from laboratory demonstrators as I see them as people to 
aspire to. 
Strongly Agree 









6. Laboratory demonstrators make students aware of safety issues in the 
laboratory. 
Strongly Agree 









7. Laboratory demonstrators are good at explaining how to use experimental 
apparatus 
Strongly Agree 









8. If I did not understand how to use experimental apparatus, I would ask a 













9. Laboratory demonstrators are concerned about my understanding of chemical 
reactions.  
Strongly Agree 









10. I would feel comfortable to ask a laboratory demonstrator a question if I did not 
understand a general chemistry experiment.  
Strongly Agree 










Part B: Open Ended Questions 
 
1. What are Laboratory Demonstrators responsible for in the laboratory? 


























Appendix 2: Phase 2 Laboratory Demonstrator Questionnaire 
A questionnaire for laboratory demonstrators involved in general 
chemistry laboratory sessions. 
Gender: Female   Male     Age 
___________ 
 
Native Language: ________________________ 
 
Have you ever undertaken training for the development of your teaching skills? If so, 






This questionnaire consists of two parts; Part A and Part B. 
Part A consists of 12 statements which investigate your attitudes towards General 
Chemistry laboratory sessions and your perceptions of the role of the Graduate 
Teaching Assistant during these laboratory sessions 
Below is an example of what each statement will look like: 
Toyota cars are the best built cars in the world 
Strongly Agree 








Based on your level of agreement, tick the box which corresponds to the extent 
of your agreement with the aforementioned statement 
 
Part B consists of one open-ended question to provide you with a greater degree of 
expression of your opinions and thoughts.  
160 
 
Part A: Likert Statements 
11. Completing laboratory sessions helps general chemistry undergraduate students 











12. General chemistry undergraduate students are confident in the laboratory 











13. As a laboratory demonstrator, I am prepared for and thoroughly understand 











14. As a laboratory demonstrator, I think I am good at explaining chemical concepts 











15. General chemistry undergraduate students would enjoy learning from LDs as 
they could see them as people to aspire to. 
Strongly Agree 









16. As a laboratory demonstrator, I make general chemistry undergraduate students 
aware of safety issues in the laboratory. 
Strongly Agree 









17. As a laboratory demonstrator, I think I am good at explaining how to use 
experimental apparatus.   
Strongly Agree 













18. If general chemistry undergraduate students did not understand how to use 
experimental apparatus, they would ask a laboratory demonstrator. 
Strongly Agree 









19. As a laboratory demonstrator, I am concerned about general chemistry 
undergraduate students understanding chemical reactions.  
Strongly Agree 









20. I feel that general chemistry undergraduate students would feel comfortable to 
ask a laboratory demonstrator a question if they did not understand a general 
chemistry experiment.  
Strongly Agree 









Part B: Open Ended Question 
 
1. What are Laboratory Demonstrators responsible for in the laboratory? 












Appendix 3: Pre TCL-GTA Psychological Empowerment Questionnaire 
A questionnaire to be completed by Postgraduate Laboratory Demonstrators involved 
in the 'Teaching as a Chemistry Laboratory Graduate Teaching Assistant' programme: 
Gender: Female   Male     Age 
___________ 
Native Language: ________________________ 
Year of current postgraduate study: __________________________ 
Area of postgraduate research: __________________________________________________ 
Type of postgraduate research: Laboratory     Desk   Field  
How much experience have you of demonstrating in first year, undergraduate chemistry 
laboratory sessions? (Please Tick). 
None          0-1 Year     2 Years        3 Years  More than 4 Years 
Have you fulfilled the role of a tutor (Tutorials / Support Tutorials / Science Learning 
Centre) during your time at the University of Limerick?  Yes    No 
Have you ever undertaken training for the development of your teaching skills? If so, 




Details of Previous Undergraduate Studies: 
Please briefly describe the subject area of your Undergraduate studies. 
_____________________________________________________________________________________________________
_________________________________________________ 






The questionnaire is being used to understand what it means to you to be a laboratory 
demonstrator. It consists of 12 statements which look like this. EXAMPLE: Toyota cars 
are the best built cars in the world 
Strongly Agree 
   






Based on your level of agreement, tick the box which corresponds to the extent of your 
agreement with the aforementioned statement. 













2. I have mastered the skills necessary for my job as a Laboratory Demonstrator. 









3. I have significant autonomy in determining what undergraduate students learn 





































6. I am confident about my ability to do my job as a Laboratory Demonstrator. 

























8. The work I do as a Laboratory Demonstrator is very important to me 
Strongly Agree










9. The job activities I do as a Laboratory Demonstrator are personally meaningful 
to me 
Strongly Agree










10. I have considerable opportunity for independence and freedom in determining 

























12. My impact on what undergraduate students learn in the laboratory is large as 
Laboratory Demonstrator. 
Strongly Agree 
















Appendix 4: Post TCL-GTA Psychological Empowerment Questionnaire 
A questionnaire to be completed by Postgraduate Graduate Teaching Assistants involved 
in the 'Teaching as a Chemistry Laboratory Graduate Teaching Assistant' programme. 
Instructions 
The questionnaire is being used to understand what it means to you to be a laboratory 
demonstrator. It consists of 12 statements which look like this. EXAMPLE: Toyota cars 
are the best built cars in the world 
Strongly Agree 
   




Based on your level of agreement, tick the box which corresponds to the extent of your 










1. I have significant influence over what undergraduate students learn as a 
























3. I have significant autonomy in determining what undergraduate students learn 












4. The work I do as a Graduate Teaching Assistant is personally meaningful to me. 









5. I have a great deal of control over what undergraduate students learn as a 












6. I am confident about my ability to do my job as a Graduate Teaching Assistant. 












7. I can decide on my own what undergraduate students learn as a Graduate 
Teaching Assistant. 
Strongly Agree 










8. The work I do as a Graduate Teaching Assistant is very important to me. 
Strongly Agree










9. The job activities I do as a Graduate Teaching Assistant are personally 
meaningful to me. 
Strongly Agree










10. I have considerable opportunity for independence and freedom in determining 
what undergraduate students learn as a Graduate Teaching Assistant. 









11. I am self-assured about my capabilities to perform my work activities as a 
Graduate Teaching Assistant. 
Strongly Agree










12. My impact on what undergraduate students learn in the laboratory is large as a 
Graduate Teaching Assistant. 
Strongly Agree













Appendix 5: Post TCL-GTA Interview Questions 
Interview Questions: Pre TCL-GTA Programme 
Impact 









3. Do you think you can make decisions about what students learn as a demonstrator? 
a. Why?  
 
Meaningfulness 
4. Is your graduate teaching assistant role meaningful / important to you? 
a. Why? 
 
5. What does it mean to you to be a laboratory demonstrator? 
 
Interview Questions: Post TCL-GTA Programme 
Impact 









3. Do you think you can make decisions about what students learn as a graduate teaching assistant? 
a. Why?  
 
Meaningfulness 
4. Is your graduate teaching assistant role meaningful / important to you? 
a. Why? 
 




Appendix 6: Phase 1 Participant Information Sheet 
Dear Participant, 
The aim of this project is to identify, analyse and evaluate your attitudes towards the 
currently employed approach to teaching and learning as a student enrolled in General 
Chemistry 1 at the University of Limerick. We would be very grateful if you would consider 
participating in our research for this project. 
 
In recent times, there has been considerable and noteworthy research undertaken in 
educational institutions all over the world with the aim of developing new methods of teaching 
chemistry in the first year of undergraduate degree programmes in the hope of benefiting your 
experience of learning chemistry. 
 
In September 2014, the University of Limerick established Engaged Learning: 
Learning and Assessment Strategy 2014-2018. This strategy pledges to stimulate innovation in 
student learning and the broadening of the ways degree programmes are taught. In response to 
this strategy and to the research taking place worldwide into enhancing the methods used to 
teach first year chemistry modules, this project is focused on researching, developing and 
evaluating the effect of implementation of such methods. 
 
 In order to do this, your attitudes and perceptions towards how chemistry is taught and 
towards potential new methods of teaching chemistry are of paramount importance. Your 
attitudes and perceptions will be taken into consideration when developing a proposal for 
module curriculum policy makers in informing how teaching and learning of first year, 
undergraduate chemistry may be enhanced. If you decide to participate in this research, which 
will be gratefully appreciated, you will be required to complete a survey. Instructions for the 




 The results of the questionnaire will be anonymous to the researcher and only 
generalised results will be produced. There are no risks involved in this study. All information 
gathered will remain confidential and used only for the purpose of this study. Your name or 
identification will not be recorded on your questionnaire. The information gathered will be 
stored safely with access only available to the investigators. You are under no obligation to 
participate in this study. You will be given the right to cease your participation at any stage. 
Thank you for taking the time to consider your participation in this study. If you have concerns 




(10106022@studentmail.ul.ie)   
 
Supervisors: 
Dr. J.J. Leahy  (j.j.leahy@ul.ie) 
Dr. Anne O’Dwyer 
(anne.m.odwyer@ul.ie) 
Prof. Sibel Erduran (sibel.erduran@ul.ie) 
 
Kind Regards, 





Appendix 7: Phase 1 Participant Consent Form 
Aishling Flaherty, with Prof. Sibel Erduran, Dr. Anne O’Dwyer and Dr. J.J. Leahy have requested that I 
(_______________________) participate in the research seeking to identify, analyse and evaluate your attitudes 
towards the currently employed approach to teaching and learning as a student enrolled in General Chemistry 1 
at the University of Limeric. 
 I declare that I have been fully briefed on the nature of this study and my role in it.  
 I have been given the opportunity to ask questions before agreeing to participate. 
 The nature of my participation has been explained to me and I have full knowledge of how the 
information collected will be used. 
 I fully understand that there is no obligation on me to participate in this study. 
 I fully understand that I am free to withdraw my participation at any time without having to 
explain or give a reason. 
 I am entitled to full confidentiality in terms of my participation and personal details.  
 
There are no foreseeable risks or discomforts to me if I agree to participate in the study.  I understand that 
participating in the study will result in information gathered that will be used to provide useful resources for both 
the investigators and supervisor.  I understand that the results of this research may be published but my name will 
not be revealed.  In order to maintain confidentiality of my records, a pseudonym and identification number will 
be used instead of my name.  The information will be stored on file and on computer with the understanding that 
the researchers are the only personnel who will have access to the information. 
 
I understand that the research does not involve any foreseeable risk. 
 
If I have concerns about this study, I can contact the investigator or supervisor: 
 
Investigator: 
Aishling Flaherty (Aishling.flaherty@ul.ie) 
Supervisors: 
Prof. Sibel Erduran  sibel.erduran@ul.ie  
Dr. Anne O’Dwyer  Anne.ODwyer@mic.ul.ie   
Dr. J.J. Leahy   j.j.leahy@ul.ie  
 
If you wish to contact someone independent, you may contact: The Chair, Faculty of Science and Engineering 
Ethics Committee, University of Limerick, Email: Eileen.Madden@ul.ie  
 
I have read the above information.  The nature, demands and benefits of the project have been explained to me. 
 
Signature of participant:   ________________________ Date __________ 
Participant  Name (Print):   ________________________ 
Signature of Investigator:    ________________________ Date __________ 




Appendix 8: Phase 4 Graduate-Student Information Sheet 
What is this study about? 
This PhD research is being undertaken with a view to facilitating meaningful learning experiences for undergraduate students’ 
during General Chemistry laboratory sessions. Meaningful learning is attributed to how students think (cognitive domain of 
learning), what students do (psychomotor domain of learning) and how students feel (affective domain of learning) in the 
laboratory. 
 
What will I have to do? 
If you agree to participate in this research, you will be asked to complete the following: 
- To attend 10 hours of teaching workshops.  
- To audio record the verbal interactions which you have with students during General Chemistry 2 laboratory sessions at 
two stages of the semester - pre and post implementation of the workshops. 
- To contribute your attitudes and opinions towards the teaching workshops during interviews.  
 
What are the risks? 
It is not anticipated that there will be any risks for those of you who agree to participate in this research. Participation in this 
research will act in no way as an assessment of your teaching skills at any stage. 
What if I do not wish to take part? 
You are under no obligation to participate in this study. You will be given the right to cease your participation at any stage.  
What happens to the information collected? 
All information gathered will remain confidential and used only for the purpose of this study.  The information gathered will 
be transcribed and analysed for the purpose of writing my thesis. Papers may also be submitted to peer review journals from 
the analysis of the information. Your name or identification will not be recorded. The information gathered will be stored 
safely with access only available to the investigators. 
 
Who else is taking part in this research? 
- Laboratory demonstrators involved in the Teaching as a Chemistry Laboratory Graduate Teaching Assistant 
Programme. 
- Undergraduate students enrolled in General Chemistry 2 (Spring Semester 2016). 
 
What if I have more questions or do not understand something? 
If you have concerns about this study please contact the investigators or supervisor: 
Investigator: 
Aishling Flaherty (Aishling.flaherty@ul.ie)   
Supervisors: 
Prof. Sibel Erduran  (061 202063)  sibel.erduran@ul.ie  
Dr. Anne O’Dwyer  (061 213056)  Anne.ODwyer@mic.ul.ie   
Dr. J.J. Leahy   (061-202649 )  j.j.leahy@ul.ie  
 
If you wish to contact someone independent, you may contact: The Chair, Faculty of Science and Engineering 
Ethics Committee, University of Limerick, Email: Eileen.Madden@ul.ie 
 
Kind Regards, 
Aishling Flaherty  





Appendix 9: Phase 4 Undergraduate Student Information Sheet 
What is this study about? 
This PhD research is being undertaken with a view to facilitating meaningful learning experiences for 
undergraduate students’ during General Chemistry laboratory sessions. Meaningful learning is attributed to how 
students think (cognitive domain of learning), what students do (psychomotor domain of learning) and how 
students feel (affective domain of learning) in the laboratory. 
 
What will I have to do? 
If you accept to participate in this research, you will agree to have the verbal interactions which you have with 
laboratory demonstrators to be audio recorded and analysed.  
 
What are the risks? 
It is not anticipated that there will be any risks for those of you who agree to participate in this research. 
Participation in this research will act in no way as an assessment of your performance in the laboratory. 
 
What if I do not wish to take part? 
You are under no obligation to participate in this study. You will be given the right to cease your participation at 
any stage. 
 
What happens to the information collected? 
All information gathered will remain confidential and used only for the purpose of this study.  The information 
gathered will be transcribed and analysed for the purpose of writing my thesis. Papers may also be submitted to 
peer review journals from the analysis of the information. Your name or identification will not be recorded. The 
information gathered will be stored safely with access only available to the investigators. 
 
Who else is taking part in this research? 
- Laboratory demonstrators involved in the Teaching as a Chemistry Laboratory Graduate Teaching 
Assistant Programme. 
- Undergraduate students enrolled in General Chemistry 2 (Spring Semester 2016). 
 
What if I have more questions or do not understand something? 
If you have concerns about this study please contact the investigators or supervisor: 
Investigator: 
Aishling Flaherty (Aishling.flaherty@ul.ie)   
Supervisors: 
Prof. Sibel Erduran  (061 202063)  sibel.erduran@ul.ie  
Dr. Anne O’Dwyer  (061 213056)  Anne.ODwyer@mic.ul.ie   
Dr. J.J. Leahy   (061-202649 )  j.j.leahy@ul.ie  
 
If you wish to contact someone independent, you may contact: The Chair, Faculty of Science and Engineering 
Ethics Committee, University of Limerick, Email: Eileen.Madden@ul.ie 
 
Kind Regards, 
Aishling Flaherty  





Appendix 10: Phase 4 Participant Consent Form 
Aishling Flaherty, with Prof. Sibel Erduran, Dr. Anne O’Dwyer and Dr. J.J. Leahy have requested that I 
(_______________________) participate in the research seeking to identify, analyse and evaluate your attitudes 
towards the currently employed approach to teaching and learning as a student enrolled in General Chemistry 1 
at the University of Limeric. 
 I declare that I have been fully briefed on the nature of this study and my role in it.  
 I have been given the opportunity to ask questions before agreeing to participate. 
 The nature of my participation has been explained to me and I have full knowledge of how the 
information collected will be used. 
 I fully understand that there is no obligation on me to participate in this study. 
 I fully understand that I am free to withdraw my participation at any time without having to 
explain or give a reason. 
 I am entitled to full confidentiality in terms of my participation and personal details.  
 
There are no foreseeable risks or discomforts to me if I agree to participate in the study.  I understand that 
participating in the study will result in information gathered that will be used to provide useful resources for both 
the investigators and supervisor.  I understand that the results of this research may be published but my name will 
not be revealed.  In order to maintain confidentiality of my records, a pseudonym and identification number will 
be used instead of my name.  The information will be stored on file and on computer with the understanding that 
the researchers are the only personnel who will have access to the information. 
 
I understand that the research does not involve any foreseeable risk. 
 
If I have concerns about this study, I can contact the investigator or supervisor: 
 
Investigator: 
Aishling Flaherty (Aishling.flaherty@ul.ie) 
Supervisors: 
Prof. Sibel Erduran  sibel.erduran@ul.ie  
Dr. Anne O’Dwyer  Anne.ODwyer@mic.ul.ie   
Dr. J.J. Leahy   j.j.leahy@ul.ie  
 
If you wish to contact someone independent, you may contact: The Chair, Faculty of Science and Engineering 
Ethics Committee, University of Limerick, Email: Eileen.Madden@ul.ie  
 
I have read the above information.  The nature, demands and benefits of the project have been explained to me. 
 
Signature of participant:   ________________________ Date __________ 
Participant  Name (Print):   ________________________ 
Signature of Investigator:    ________________________ Date __________ 







Appendix 11: Ethics Application and Approval Email 
 
Faculty of Science and Engineering Ethics Committee Expedited 
Form for   research involving human participants 
 
1: Applicants Details                                                 Form Must Be Typed 
Principal Investigators name (ie supervisor): 
Dr. J.J Leahy, Prof Sibel Erduran, Dr. Anne O’Dwyer 
Principal Investigator email: 
 j.j.leahy@ul.ie; sibel.erduran@ul.ie; anne.m.odwyer@ul.ie;  
Student name: Aishling Flaherty 
ID number: 10106022 
Email address: 10106022@studentmail.ul.ie; aishling.flaherty@ul.ie 
Programme of study: PhD Student 
FYP, MSc or PhD Dissertation: PhD Dissertation 
Working title of study:  
To investigate the viability of incorporating novel, innovative and evidence-
based pedagogical tools into the teaching and learning approach throughout 
General Chemistry modules. 
Period for which approval is sought:  
Start Date:  Date of Approval                 End date: 06 – Oct - 2017 
 
2. Human Participants 
Does the research proposal involve: 
    Working with participants over 65 years of age?                        Yes⁭  No⁭ 
 Any person under the age of 18? Yes No⁭ 
 Adult patients?   Yes⁭ No⁭ 
 Adults with psychological impairments? Yes⁭ No⁭ 
 Adults with learning difficulties? Yes⁭ No⁭ 
 Relatives of ill people (e.g. parents of sick children) Yes No 
 Adults under the protection/control/influence of   
others (e.g. in care/prison)?  Yes⁭ No⁭⁭ 
 People who may only have a basic knowledge of English?  Yes⁭ No⁭ 
 Hospital or GP patients (or HSE members of staff)  Yes⁭ No⁭ 
recruited in medical facility 
 
3. Subject Matter 
Does the research proposal involve: 
 Sensitive personal issues? (e.g. suicide, bereavement, gender  
identity, sexuality, fertility, abortion, gambling)?  Yes No⁭ 
 Illegal activities, illicit drug taking, substance abuse or the  
self reporting of criminal behaviour? Yes⁭ No⁭ 
 Any act that might diminish self-respect or cause shame,  
embarrassment or regret? Yes No⁭ 
 Research into politically and/or racially/ethnically and/or  





4. Procedures  
Does the research proposal involve: 
 Use of personal records without consent?  Yes No⁭ 
 Deception of participants? Yes No⁭ 
 The offer of large inducements to participate?  Yes No⁭ 
 Audio or visual recording without consent? Yes No⁭ 
 Invasive physical interventions or treatments? Yes No⁭ 
    Research that might put researchers or participants at risk? Yes No⁭ 
    Storage of results data for less than 7 years? Yes No⁭ 
 
If you have answered Yes to any of these questions in sections 2 to 4 above, you will need to 
fill in the ULREC application form and submit to the Faculty Ethics Committee for review. 
However, if the research is to be conducted during teaching practice, and within the 
Department of Education subject syllabus outline, and provided the student has the 
permission of the class teacher and the school principal and that parent/guardians consent to 
participation, this expedited form can also be used.  Please note that if the Faculty Ethics 
Committee deems it necessary you may be asked to fill in the full application form 
 
Please note that only 1 hard copy of the FREC form is required for the Faculty Ethics 
Committee.  You can get more information and download the forms needed at this address: 
www.ul.ie/researchethics/    NB: If you answered Yes to the last bullet point in section 2 then 
you will need to apply to the local HSE ethics committee not the FREC. 
 
If you have answered No to all of these questions, please answer the following questions in 
sections 5. 
 
5 Research Project Information 
     
5a Give a brief description of the research.  (Give details of what you and the 
participant will be doing for this study) 
 
In line with the aims of the Engaged Learning; Learning and Assessment Strategy, 
launched by the University of Limerick in September 2014, the reinforcement of the 
emphasis on learning outcomes that stimulate innovation in student learning and the 
broadening of program delivery modalities through a strategic focus on ICT and e-
learning is of paramount importance. This research project aims to inform and 
contribute to the achievement of such aims by proposing evidence-based, novel and 
innovative pedagogical tools that can be implemented into the teaching and learning 
approach that is employed throughout General Chemistry modules at the University 
of Limerick. This in turn, will lead to the desired outcomes which include increased 
student-orientated learning outcomes and the attainment of graduate attribute 
 
The aims of this research project includes; 
1. To conduct a review of the literature to identify possible pedagogical tools that can 
be incorporated in the approach to teaching and learning in General Chemistry 
modules. 
2. To investigate the attitudes and perceptions of students, laboratory demonstrators 
and module leaders towards the current approach to teaching and learning employed 
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throughout General Chemistry and towards the possible incorporation of evidence-
based pedagogical tools into this approach. 
3. To design a model of pedagogical reform for the teaching and learning of general 
chemistry. 
4. To evaluate the effect of the implementation of this model of pedagogical reform 
on students' learning and the impact it has on laboratory demonstrators postgraduate 
research skills. 
 
This research project is designed to be undertaken in four consecutive phases. Phase 1 
will consist of identifying the most effective, research-validated pedagogical tools 
detailed throughout existing literature that can be employed to enhance students' 
learning experiences in general chemistry. Phase 2 will see the development of a 
survey and interview question framework to identify the attitudes and perceptions of 
students, laboratory demonstrators and module leaders towards currently-employed 
and newly-proposed pedagogical tools. Phase 3 will analyse the data collected in 
Phase 2 to develop and propose a model of pedagogical reform of the approach to 
teaching and learning that is currently adopted. Finally, Phase 4 will implement and 
evaluate the model of pedagogical reform based on its effect on students' learning: 
both undergraduate students and postgraduate students fulfilling roles as laboratory 
demonstrators for general chemistry laboratory sessions. 
 
5b How many participants will be involved? 
Students enrolled in General Chemistry modules = 650 (roughly enrolled per module) 
Laboratory Demonstrators = 30 
Chemistry Module Leaders = 10 
 
5c How do you plan to gain access to /contact/approach potential participants? 
An email will be sent to the module leaders of General Chemistry to inform them 
about the research and to arrange an appropriate time for data collection from 
students. This will involve the implementation of phase 2 of this research project, the 
distribution and completion of the information sheets, consent sheets and the survey 
to students enrolled in General Chemistry during a lecture.  
An email will also be sent to Post-Graduate Students fulfilling the role of Laboratory 
Demonstrators for Laboratory Sessions conducted as part of General Chemistry 
modules informing them of this research whilst subsequently inviting them to 
participate in this study by collecting the information sheet, consent sheet and the 
survey which will be available in all laboratories. 
 
On completion of the survey, all participants will then be invited to be interviewed by 
the investigator. All interviews will be audio recorded and the dialogue will be 
transcribed. The interview transcriptions will be coded using NVivo software.  
All research findings reported will be anonymous and the identity of participants will 
remain confidential to the researcher. 
 
5d What are the criteria for including/excluding individuals from the study? 
Inclusion: 
Students enrolled in the General Chemistry of CH4701 – General Chemistry 1 and 
CH4012 – General Chemistry 2 
Post-Graduate Students fulfilling the role of Laboratory Demonstrators for Laboratory 
Sessions conducted as part of General Chemistry modules. 
178 
 
General Chemistry module leaders and lecturers. 
 
Exclusion: 




5e  Have arrangements been made to accommodate individuals  who do not wish 
to participate in the research? (NB This mainly relates to research taking place 
in a classroom setting) 
 
Yes                 No              N/A 
If Yes 
Please state what these arrangements are. 
All participants will be invited to participate in this research study on a voluntary 
basis of their own accord. Participants will hold the right to revoke the invitation to 
participate and /or to withdraw from the study at any given time.  
 
5f Can you identify any particular vulnerability of your participants other than 





5g Where will the study take place?  (If in UL please state where) 
This study will take place in the Concert Hall (FB026) University of Limerick. 
An alternative location, Kemmy Business School (KBG12) has also been made 
available for the purpose of this study. 
 
 
5h What arrangements have you made for anonymity and confidentiality?  (How 
will participants be referenced in the final report) 
All data will be made anonymous. In order to ensure anonymity and confidentiality of 
the data collected from those participating in the research study, the use of a 
gatekeeper will be employed. The role of the gatekeeper will be to prevent any breech 
of anonymity and confidentiality from occurring during the survey distribution and 
collection. Students' names or ID numbers will not be requirement for the completion 
of the survey. 
If needed, pseudonyms will be used during the evaluation and discussion of results. 
The sole personnel with access to the data collected will be the principal researchers. 
 
 
5i What are the safety issues (if any) arising from this study, and how will you 
deal with them? 
No safety issues pertain. 
 
 
5j How do you propose to store the information once the project is completed?   
Will the file/computer be password protected?  (Information must not be stored 
on student’s PC or on a USB Key) 
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Paper based data will be stored in a locked filing cabinet. Computer based files will be 
password protected. The principal investigator and researchers are the only people 
who will have access to this information. 
The participants’ names or University of Limerick designated student Identification 
Numbers will not be recorded on the questionnaires. All questionnaires will be 
numbered. The identity of all participants will remain confidential to the gatekeeper 
and will not be disclosed with any results or findings 




University of Limerick. 
 
 
5k  Insurance Cover 
Insurance cover is required for all research carried out by UL employees. Principal 
Investigators/Supervisors should carefully view the University’s ‘Guidelines on 
Insurance Cover for Research’ document and the University’s Insurance cover to 
ascertain if their proposed research is covered. These documents are available at 
www.ul.ie/insurance.  
 
Where any query arises about whether or not proposed research is covered by 
insurance, the Principal Investigator/Supervisor must contact the University’s 
Insurance Administrator at cliona.donnellan@ul.ie to confirm that the required level of 
insurance cover is in place. 
 
Please indicate by way of signature that the research project is covered by UL’s 
insurance policies: 
 
PI/Supervisor signature:  _______________________________________ 
 
 
5l Please attach the relevant information documents and complete the following 
checklist to indicate which documents are included with application 
                                                               
 Participant Information Sheet    Yes⁭    No⁭ 
 Participant Informed Consent Form    Yes⁭    No⁭ 
            Parent/Guardian Information Sheet   Yes⁭    No⁭ 
 Parent/Guardian Informed Consent Form   Yes⁭    No⁭ 
            School Principal Information Sheet   Yes⁭    No⁭ 
 School Principal Informed Consent Form   Yes⁭    No⁭ 
            Teacher Information Sheet                                         Yes                   No 
            Teacher Consent Form                                               Yes                   No 
            Child Protection Form (must be included if               Yes                  No 
                                dealing with <18 year olds) 
 Questionnaire & Explanatory Cover Letter   Yes⁭    No⁭ 
 Interview/Survey Questions     Yes⁭    No⁭ 




Letter to Chair for Incorporation of an Additional Research Tool 
 
From: Aishling.Flaherty   
Sent: 13 November 2015 15:44  
To: Eileen.Madden  
Cc: J.J.Leahy; Anne ODwyer  
Subject: RE: FW: Ethics Application Additional Research Tool 
 
Dear Eileen, 
Following on from your conversation with JJ Leahy yesterday, I am writing to you this 
morning in regards to seeking ethical clearance for the inclusion of an additional 
research tool in our research study. I am attaching our ethics application (Ref: 
2014_10_06_S&E) which was granted full approval by the committee on the 17th of 
October 2014. Details of the additional research tool which ethical clearance is being 
sought to include in our research are as follows: 
- Audio recording the verbal interactions between undergraduate students (~50) 
and laboratory demonstrators (~10) in a General Chemistry laboratory session. 
- Such verbal interactions will be analysed with respect to how laboratory 
demonstrators can help undergraduate students to interpret their scientific 
observations in the laboratory. 
- Participation in this study will be voluntary and written consent from all 
participants will be sought prior to the administration of this research tool. 
- The administration of this research tool will adhere and conform to all the details 
provided in sections 2 - 5 in the initial application that was granted ethical 
approval. 
o Ethical clearance in the initial application was granted for the distribution 
and analysis of surveys and audio recordings of interviews with 
undergraduate students and laboratory demonstrators. 
In seeking ethical clearance for the inclusion of this additional research tool, details 
regarding the methodology and analysis techniques that are to be employed to explore 
the verbal interactions between undergraduate students and the laboratory 
demonstrators can be provided on request. A re-submission of the ethics application 
can also be completed in seeking such ethical clearance.  
Kind regards and many thanks, 
Aishling 
From: Eileen.Madden  
Sent: 19 November 2015 15:28 
To: Aishling.Flaherty 
Cc: J.J.Leahy; Anne ODwyer; Eileen.Madden 
Subject: RE: FW: Ethics Application Additional Research Tool 
 
Hi Aishling 
Thanks for the information below.  Your request for an additional research tool for 












Evaluating the Impact of the Teaching as a 
Chemistry Laboratory Graduate Teaching 
Assistant (TCL-GTA) programme on Cognitive 
and Psychomotor Verbal Interactions in the 
Laboratory 
 





What is Being Analysed and How? 
Every verbal interaction between Graduate Teaching Assistants (GTAs) and students in 
General Chemistry 2 laboratory sessions is being analysed, specifically, the nature of 
GTAs’ responses and comments during such interactions. The only way students’ verbal 
interactions are being analysed is the types of questions they ask. Verbal interactions are 
being analysed by way of assigning them to a category. In evaluating the impact of the 
TCL-GTA programme on GTAs’ cognitive and psychomotor verbal interactions with 
students, the employment of the constant comparison method towards the systematic 
generation of theory (Glaser 1965, Glaser and Strauss 2009) was guided by its 
employment in a similar study by Krystyniak and Heikkinen (2007). This approach to the 
analysis of qualitative data involves the development of categories by  
1. Comparing incidents to similar incidents to form a category,  
2. Integrating categories and their properties,  
3. Delimiting theory,  
4. Writing the theory. 
  
The coding process involved four passes of the transcriptions whereby memos were 
written on the cognitive and psychomotor verbal interactions that appeared to be similar 
in nature. For the purpose of this research, each GTA verbal interaction that served as a 
unit of analysis consisted of GTAs’ utterances between students’ utterances when 
engaged in dialogue with students.  
 First Pass of Analysis 
During the first pass of analysis, comparisons of GTAs verbal interactions resulted in the 
development of two primary categories. The first primary category was the cognitive 
category featuring GTAs’ interactions that focused on students’ understanding in the 
laboratory. The second primary category was the psychomotor category featuring GTAs’ 
interactions that focused on students’ practical activities in the laboratory.  
 Second Pass of Analysis 
During the second pass of analysis, comparisons of GTAs’ verbal interactions categorised 
within the primary cognitive category resulted in the formation of two secondary 
categories: (i) Asking Students Cognitive Questions and (ii) Providing Cognitive 
Explanations. Comparisons of GTAs’ verbal interactions categorised within the primary 
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psychomotor category resulted in the formation of two secondary categories: (i) Asking 
Students Practical Questions and (ii) Issuing Practical Instructions.  
 Third Pass of Analysis 
During the third pass of analysis, comparisons of GTAs’ verbal interactions categorised in 
each secondary category resulted in the formation of a number of tertiary categories. 
Within the ‘Asking Students Cognitive Questions’ secondary category, questions asked by 
the GTAs that required students to think about abstract concepts, procedures, their 
observations or data analyses constituted the associated tertiary categories. Within the 
‘Providing Cognitive Explanations’ secondary category, explanations provided by the 
GTAs associated with various aspects of the laboratory sessions such as abstract 
concepts, substances used, apparatus used, procedures used, observations made, 
methods of data analyses and completing students’ laboratory reports constituted the 
associated tertiary categories. Within the ‘Asking Students Practical Questions’ secondary 
category, questions asked by the GTAs associated with various practical feature of the 
laboratory session such as the procedures, substances and apparatus used constituted 
the associated tertiary categories. Within the ‘Issuing Practical Instructions’ secondary 
category, instructions issued by the GTAs in completing the procedure, using apparatus 
and substances, offering advice on the completion of aspects of the procedure and 
maintaining safety constituted the associated tertiary categories.  
 Fourth Pass of Analysis 
Categories developed by Krystyniak and Heikkinen (2007) was used to guide the fourth 
pass of analysis. Here, the verbal interactions categorised into the tertiary categories 
associated with the primary cognitive category were analysed to identify the presence of 
conceptual features in each verbal interaction. As a result, the tertiary categories were 
diversified to distinguish verbal interactions that featured conceptual discussion. The 
names of the final primary, secondary and tertiary categories for GTAs’ cognitive and 
psychomotor verbal interactions are described in Tables 3 and 4. For the most part, the 
reasons students initiated interactions with GTAs was to ask them a question pertaining 
to various cognitive and psychomotor aspects of the laboratory session. Since these 
student-initiated interactions were important contributors to the overall cognitive and 
psychomotor verbal interactions between GTAs and students, the constant comparative 








Primary Category Cognitive Psychomotor Student Questioning 
 
Secondary Category Asking Thinking Q’s Asking Practical Q’s Procedure 
Tertiary Category Concept Procedure Concept 
Procedure Concept Substance Apparatus 
Observation  Apparatus  Substance 
Observation Concept  Observation 
Data Analysis Lab Report 
Data Analysis Concept Data Analysis 
 
Secondary Category Giving Explanations Issuing Instructions 
Tertiary Category Concept Procedure 
Substance  Substance 
Apparatus Apparatus 
Procedure Procedure Advice  
Procedure Concept Safety 
Observation  
Observation Concept  




What is Not Being Analysed? 
- Verbal Interactions associated with attendance recording. 
- Verbal Interactions associated with signing lab reports at the end of a laboratory 
session. 
- Verbal Interactions between GTAs. 
- Verbal Interactions with laboratory technical officers. 
- Verbal Interactions that take place between students without input from GTAs.  
- Verbal Interactions that are not heard and as such, do not receive reply from the 
receiving individual. 
- Clarification sentences spoken by either GTAs or students due to 
misinterpretation or mishearing. 
- GTA verbal responses as “Yeah”, “Yes”, “ok” are not being analysed as such 




Descriptions of Categories 
Primary Category: Cognitive Categories  





Description Questions based on abstract chemical concepts that do 
not relate to observable events or to the practical features 
of procedures.   
Examples “What does exothermic mean?” “What is a mole?” “What is 
a neutralisation reaction?” “What is heat?” “What does a 





Description Questions that integrate a chemical concept and a purpose 
and/or mechanics of the steps of a procedure. These 
questions are higher-order questions, requiring students 
to draw upon their knowledge of the procedure as well as 
various underpinning chemical concepts.  These questions 
can be reciprocal to answers that are both procedural and 
conceptual in nature.  
Examples “How do you produce iodine by mixing the two solutions?” 
“Why do we use titration apparatus for neutralisation 
reactions?” “How are we measuring the activity of the 
enzyme?” “How are you going to stop the reaction by 
adding cold water?” “What will be the product of the 





Description Questions based on an observable event such as a colour 
change, a phase transitions or measurement. These 
questions do not refer to chemical concepts. These 
questions can be reciprocal to answers that comment or 
explain observable events. 
Examples “What was the colour in the beginning?” “What is 
happening to the substance now?” “Did you see any colour 
change?” “Where is the colour coming from?” “What did it 





Description Questions that integrate a chemical concept and an 
observable event such as a colour change, a phase 
transition or measurement. These questions can be 
reciprocal to answers that are both observational and 
conceptual in nature. 
Examples “Why do some compounds smell?” “Why do you have a 
colour change?” “Why is it dissolving faster?” “Why are 







Description Questions based on the numerical interpretation of 
experimental data using various mathematical 
calculations and techniques. These questions do not refer 
to chemical concepts. These questions also include 
questions that appear to be practical in nature but which 
are asked in the context of a data analysis explanation. 
These questions can be reciprocal to answers based on 
the numerical interpretation and manipulation of 
experimental data. 
Examples “What was the molarity from your calculations?” “How can 
you find the number of moles in a substance?” “How much 
acid did you need for the colour-change to occur?” “What 






Description Questions that integrate a chemical concept and the 
numerical interpretation of experimental data using 
various mathematical calculations and techniques. These 
questions can be reciprocal to answers based on the 
integration of chemical concepts during the numerical 
interpretation and manipulation of experimental data. 
Examples “What value is x when it is a first order reaction?” “Did the 
rate of reaction change?” “What is a zero order reaction?” 
“If 90% of the substance is sodium carbonate, what is the 
remaining 10% made up of?” 










Description Explanations based on abstract chemical concepts that do 
not relate to observable events or to the practical features 
of procedures. These explanations do not relate to 
observable events or to the practical features of 
procedures. These explanations can be reciprocal to 
questions that are abstract and conceptual in nature. 
Examples “When it goes from being a base to neutral that’s when we 
see that colour-change” “First order is something is when 
your product concentration increases, we see increasing 
concentration of the reactants is proportionally” “The 'ases' 





Description Explanations based on the chemical and physical 
properties of a substance. These explanations describe the 
chemical and physical properties of substance and does not 
include instructions on how to use, locate or dispose of a 
substance. These explanations can be reciprocal to 
questions that focus on the chemical and physical 
properties of a particular substance. 
Examples “That is 0.9 Molar which is close to 1.0 Molar” “Potassium 
Iodide is made up of the elements Potassium and Iodine” 
“This is the dilute acid” “You can’t have a reaction without 




Description Explanations based on how a piece of apparatus functions. 
These explanations describe how a piece of apparatus 
works and does not include instructions on how to use, 
locate or dispose of a piece of apparatus. These 
explanations can be reciprocal to questions that focus on 
the functions of a piece of apparatus.  
Examples “When you touch the ends the circuit will be complete and 
the bulb should light“ “A burette needs to be straight before 
you read it to ensure accuracy” “Gas is flowing from the tap 
so only open it when you are ready to light” “This apparatus 
should fit”. “The UV spec involves a beam of light through the 
sample and the amount of light that is absorbed by the 




Description Explanations based on purpose and/or mechanics of the 
steps of a procedure. These explanations describe the 
purpose and/or mechanics of the steps of a procedure and 
does not include instructions in completing such 
procedure steps. These explanations do not refer to 
chemical concepts. These explanations can be reciprocal to 
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questions that focus on the purpose and/or mechanics of 
the steps of a procedure. 
Examples “You need to make the dilutions first then titrate them” “You 
need to make three dilutions by adding 10, 20 and 30mls of 
solution to each conical respectively” “You add the cold 
water 10 minutes after the colour change has occurred” “You 





Description Explanations that integrate a chemical concept and the 
purpose and/or mechanics of the steps of a procedure. 
These explanations give a conceptual insight into the 
purpose and/or mechanics of the steps of a procedure and 
does not include instructions in completing such 
procedure steps. These explanations can be reciprocal to 
questions that integrate a concept and a feature of the 
procedure. 
Examples “You add the cold water to stop the reaction” “You add the 
persulphate and the potassium iodide together first so that 
the iodine from the potassium iodide can be liberated” 
“Adding starch indicator is needed in order to identify the 
presence of starch” “A titration method of analysis is suitable 
for neutralisation reactions whereby acid is placed in the 




Description Explanations based on an observable event such as a colour 
change, a phase transition or measurement. These 
explanations describe the purpose and/or mechanics of 
the steps of an observable event and they do not refer to 
chemical concepts. These explanations can be reciprocal to 
questions that focus on an observable event. 
Examples “The colour should change to colourless” “You should see 
steam  coming off the sample” “That brown gas is nitrogen 
dioxide” “The graph is a curve” “The salt has dissolved” “It’s 






Description Explanations that integrate a chemical concept and an 
observable event such as a colour change, a phase 
transition or measurement. These explanations give a 
conceptual insight into the purpose and/or mechanics of 
the steps of an observable event. These explanations can be 
reciprocal to questions that integrate a concept and an 
observable event. 
Examples “That colour change indicates that an acid and a base has 
interacting sufficiently to result in the formation of a salt and 
water” “That is an ionic substance because it dissolved in 
water” “The starch turns blue/black due to the presence of 
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iodine” “The more Thiosulphate, the more iodine is produced 







Description Explanations and instructions based on the numerical 
interpretation of experimental data using various 
mathematical calculations and techniques. These 
explanations give insight into how to complete calculations 
and do not refer to chemical concepts that underpin the 
laboratory practical. These explanations can be reciprocal 
to questions based on the numerical interpretation and 
manipulation of experimental data. 
Examples “What You did this part of the calculation wrong” “You divide 








Description Explanations and instructions that integrate a chemical 
concept and the numerical interpretation of experimental 
data using various mathematical calculations and 
techniques. These explanations give insight into how to 
complete calculations and do refer to chemical concepts 
that underpin the laboratory practical. These explanations 
can be reciprocal to questions based on the integration of 
chemical concepts during the numerical interpretation and 
manipulation of experimental data. 
Examples “You need to take the volume of the potassium persulphate 
in order to find the concentration of the liberated iodine” 
“Molarity is moles per litre therefore you need to multiply by 
1000” “x is the relative proportion of water and sodium 
carbonate molecules” “This value tells us that the reaction is 





Description Explanations and advice based on the format and 
completion of laboratory reports. These explanations 
include advice on sentence structure and the format of 
tables and graphs. These explanations can be reciprocal to 
questions based on the format and completion of 
laboratory reports. 
Examples “You need to label your graph” “That’s the value that goes 
into this box in your results section” “You need to write some 
background information on what the rate law is at the 







Primary Category: Psychomotor Categories 




Description Questions based on the purpose and/or mechanics of the 
steps of a procedure. These questions do not refer to 
chemical concepts. These questions can be reciprocal to 
answers that focus on the steps of a procedure. 
Examples “Did you add the persulphate to the iodine?” “Did you dilute 
the acid?” “Why did you do that reaction first?” “How many 





Description Questions based on the use, location and disposal of 
substances. These questions do not refer to chemical 
concepts. These questions can be reciprocal to answers 
that focus on the use, location and disposal of substances.  
Examples “Are you looking for HCl?” “Did you use the 0.1 Molar 
solution?” “Have you any reagent left?” “Where did you 




Description Questions based on the use, location and disposal of 
apparatus. These questions do not refer to chemical 
concepts. These questions can be reciprocal to answers 
that focus on the use, location and disposal of apparatus 
Examples “Did you wash the burette carefully?” “Do you have three 
conical flasks?” “Did you find the evaporating dish?” “Is the 
battery working? “Why did you use a volumetric flask and 









Description Instructions related to the steps of a procedure. These 
instructions direct the students to completing the 
procedure and do not describe the purpose and/or 
mechanics of the steps of the procedure. These 
explanations do not refer to chemical concepts. These 
instructions can be reciprocal to questions based on the 
steps of a procedure.  
Examples “Add the indicator to the conical before you start to titrate” 
“Add in one drop then add in two more” “Record the time it 
took for the colour change to occur” “Wait 10 minutes before 
you add in the cold water” “Preform this step of the 
procedure in the fume hood” “Your partner must carry out 




Description Instructions related to use, location or disposal of a piece of 
a substance. These instructions does not describe the 
chemical and physical properties of substance and they do 
not refer to chemical concepts. These instructions can be 
reciprocal to questions based on how to use, locate or 
dispose of a substance. 
Examples “You should find that solution in the green boxes under your 
desk” “Once you’re done, place it in the red bin” “You can use 




Description Instructions related to use, location or disposal of a piece of 
apparatus. These instructions does not describe how a 
piece of apparatus works and they do not refer to chemical 
concepts. These instructions can be reciprocal to questions 
based on how to use, locate or dispose of a piece of 
apparatus.  
Examples “Turn the Bunsen up more” “You can re-use that volumetric 
flask for that reaction” “You need 10ml so use a pipette” 
“Wash this beaker” “It is better to light it first before turning 
the tap open” “You need to make sure the burette is straight 




Description Non-compulsory advice that assists students with the steps 
of a procedure. These pieces of advice are not compulsory 
for students to address or adhere to but are rather seen as 
optional instructions that will help students. 
Examples “You are using a lot of different concentrations today so you 
can label them if it helps” “Using ice instead of water will 
speed things up for you” “This diagram is very helpful as it 
explains the concentrations you have to make up” “It’s 
beaker to pipette into the conical as you will be using the 
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conical for the titration” “When you are lining the solutions 
up, you don’t want them to get mixed up” 
 
Safety Description Instructions based on the maintenance and promotion of 
safety standards in the laboratory. These instructions 
pertain to the safe use of equipment as well as the 
necessary safety protocols that must be adhered by all in 
the laboratory.  
Examples “Please use your gloves” “Do that reaction under a fume 
hood” “don’t take the reactions out of the fume hood” “Don’t 
use your mobile phone with gloves on” “Tie up your hair” 
“Wear your safety glasses” “Don’t open the gas tap”  
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Description Questions based on the purpose and/or mechanics of the 
steps of a procedure. These questions do not refer to 
chemical concepts. 
Examples “What do we do for step 5?” “Do we mix them?” “Will we do 
that now?” “Do we have to start again?” “Do we use HCl for 
part b?” “Is it these that are in for 20 minutes?” “You know 






Description Questions based on an abstract chemical concept that do not 
relate to observable events or to the practical features of 
procedures.  These questions do not relate to observable 
events or to the practical features of procedures. 
Examples “What’s a redox reaction again?” “What is an endothermic 
reaction? “Is it neutralising the acid?” “What is a second 





Description Questions based on the use, location and disposal of 
substances. 
Examples “Do you know where the potassium iodide is?” “Is there any 
tissue anywhere?” “Where do we get the 0.2 concentrated 
acid?” “Is that water distilled water?” “Does it matter if I use 
this solution?” “Where will I put the sample after I’m 





Description Questions based on the use, location and disposal of 
apparatus.. 
Examples “Are we using water baths?” “When it says clamp, do you just 
put them into this?” “Are the flasks dirty?” “Can you light our 
Bunsen Burner?” “Do we need another volumetric flask?” 






Description Questions based on an observable event such as a colour 
change, a phase transitions or measurement. 
Examples “Is that blue enough?” “What is that substance left after the 
evaporation?” “Is that clear enough?” “Does this read 
25.6mls or 25.7mls?””I don’t smell anything?” “Should this be 





Description Questions based on the format and completion of 
laboratory reports. 
Examples “Can I write that here?” “What goes into this box in our 
report?” “Is my graph ok?” “Will we just leave that spot blank 
then?” “Where do we write our results?” “Is it ok if we draw 








Description Questions based on the numerical interpretation of 
experimental data using various mathematical calculations 
and techniques.  
Examples “How do you do the calculations?” “What do you fill in for the 
volume of potassium iodide?” How do I get the molarity?” 
“How do you calculate the concentration of the dilutions?” “Is 





Graphical Representations of Findings 
Fig. 1 Bar chart of the percentage of cognitive questions asked by GTAs in the 
identification, titration and final miscellaneous laboratory sessions 
Fig. 2 Bar chart of the percentage of cognitive explanations provided by GTAs in the 
identification, titration and final miscellaneous laboratory sessions 
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Fig. 3 Bar chart of the percentage of practical questions asked by GTAs in the 
identification, titration and final miscellaneous laboratory sessions 
 
 
Fig. 4 Bar chart of the percentage of practical instructions issued by GTAs in the 
identification, titration and final miscellaneous laboratory session 
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Fig. 6 Bar chart of the percentage of types of questions students asked in the identification, titration 
and final miscellaneous laboratory sessions 
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Ava: Results and Excerpts of Coded Transcripts 
Ava 
 GC Lab 2 GC Lab 3 BioChem 
 Cognitive 
Asking Thinking Questions 
Concept Question 1 4 58 
Procedure Concept Question 4 2 26 
Observation Question 9 18 5 
Observation Concept Question 3 17 0 
Data Analysis Question 0 39 0 
Data Analysis Concept Question 0 1 0 
TOTAL 17 81 89 
Providing Explanations 
Concept Explanation 1 7 44 
Substance Explanation 0 0 16 
Apparatus Explanation 9 16 14 
Procedure Explanation 2 8 21 
Procedure Concept Explanation 2 1 20 
Observation Explanation 9 3 6 
Observation Concept Explanation 3 15 15 
Data Analysis Explanation/Instruction 0 53 1 
Data Analysis Concept 
Explanation/Instruction 
0 8 1 
Lab Report Instruction/Advice 12 6 4 
TOTAL 38 117 142 
 Psychomotor 
Asking Practical Questions 
Procedure Question 4 28 37 
Substance Question 0 31 13 
Apparatus Question 7 7 5 
 11 66 55 
Issuing Instructions 
Procedure Instruction 6 9 18 
Apparatus Instruction 22 3 4 
Substance Instruction 0 0 0 
Procedural Advice 3 8 7 
Safety 13 3 0 
TOTAL 44 23 29 
 Student Questioning 
Student Procedure Question 8 11 55 
Student Concept Question 0 2 27 
Student Substance Question 0 0 9 
Student Apparatus Question 11 1 6 
Student Observation Question 8 2 6 
Student Lab Report Question 2 3 0 
Student Data Analysis Question 0 31 0 
 
 
  STAGE 3 































































  STAGE 3 
[00:12:47.10] (F): sorry? 
[00:12:47.10] GTA: yes! 
[00:12:47.10] (F): Do you know for, we've to put 0.2? 
[00:12:52.24] GTA: let's just see, ok, so pipette 0.25 ml, ok 
first of all, pop quiz, 0.25 ml, how many microliters is that? 
[00:13:03.01] (F): 250? 
[00:13:03.01] GTA: ok great! alright, otherwise I wasn't 
going to help ye! 
[00:13:06.05] (F): (*Laughs) 
[00:13:06.05] GTA: Nah, I'm only jokin! Eh, into, times 3, 
new tubes, and you're getting new tubes and you're labelling 
them already, great and label, two tubes, substrate with the 
third they will chose, ok, positive control, ok, yeah, that's 
fine so you have, yeah, so you are literally putting you're 
250 microliters of this ASO casein, so ASO usually means 
dyed so yeah, it's the coloured em casein, into you're three 
tubes, two of them will be labelled one, two, three, 
whatever, is appropriate and then one of them will be 1S so 
you know that you are putting your substrate into that one 
and that will be your negative control, ok, yeah and that's all 
you're doing on that step, yeah, ok, I know, this is actually 
quite clear but it is also quite clear because there is a lot 
going on, alright, pop quiz, so pop quiz, 
 
[00:14:44.02] GTA: em, ok, so, what enzyme are we testing 
today? 
[00:14:50.07] (F): a protease 
[00:14:50.07] GTA: a protease, yeah, so that's the class of 
enzyme and do you know what the specific name of the 
enzyme is? 
[00:14:57.16] (F): trypsin 
[00:14:57.16] GTA: trypsin! Yeah, there we go! perfect and 
do you know, this is like, do you know what proteases do, 
like what their overall role is, exactly? 
[00:15:07.19] (F): em, is it that they break up the proteins? 
[00:15:09.25] GTA: yeah! 
 
 
[00:16:01.25] GTA: em, ok, so do you know where in your 
body you might find proteases or like, what role they might 
do? 
[00:16:12.01] (F): digestion 
[00:16:13.29] GTA: Digestion, yeah, exactly so you have 
them in your stomach and in your gut as well, em so why 
digestion? 
[00:16:19.18] (F): to break down... 
TOTAL 29 50 103 
 
 
[00:16:21.24] GTA: yeah to break down the proteins really, 
it's where we like, do you know? 
[00:16:25.04] (F): yeah 
[00:16:25.04] GTA: em, A = B like, and so then this is just 
kind of not really as relevant but just little question to get ye 
thinking about it, if I took a protease from your stomach and 
I was testing it's pH, like what do you think the optimum pH 
would be? 
[00:16:46.12] (F): A really low one, like 3 or 2 
[00:16:47.04] GTA: yeah, exactly, really acidic because 
your stomach is an acidic environment so whenever you test 
like enzymes, you can always kind of have an idea of what 
their optimum temperature or what their optimum pH would 
be based on where they came from so you can assume that 
the optimum temperature would be, 
[00:17:08.15] (F): 37 
























optimum pH would be like acidic, em ok, and, then yeah we 
use proteases then in industry like we might use them to 
clarify, em, juices and stuff like that and we would use them 
also to clean contact lenses, it kind of breaks down the 
proteins that are on them, and then the other question and 
then you are off the hook, eh, do you know what, when we 
actually measured the activity, what we are actually looking 
for or measuring? 
[00:17:44.25] (F): I don't know 
[00:17:47.16] GTA: no, and I would have been surprised if 
ye did because this is kind of something you might not have 
come across like every single day but it is, the general idea 
is used quiet a lot so it's good to know, so, let's say, do you 
know the way you can measure proteins, do you know, if 
there's protein content, do you know how you would 
measure protein content? 







 GC Lab 2 GC Lab 3 GC Lab 4 
 Cognitive 
Asking Thinking Questions 
Concept Question 0 2 5 
Procedure Concept Question 0 0 7 
Observation Question 9 6 9 
Observation Concept Question 3 0 8 
Data Analysis Question 0 61 30 
Data Analysis Concept Question 0 4 7 
TOTAL 12 73 66 
Providing Explanations 
Concept Explanation 0 0  
Substance Explanation 0 2 8 
Apparatus Explanation 6 3 2 
Procedure Explanation 0 2 3 
Procedure Concept Explanation 0 5 5 
Observation Explanation 10 4 5 
Observation Concept Explanation 10 0 10 
Data Analysis 
Explanation/Instruction 
0 44 32 
Data Analysis Concept 
Explanation/Instruction 
0 21 17 
Lab Report Instruction/Advice 3 1 9 
TOTAL 29 82 91 
 Psychomotor 
Asking Practical Questions 
Procedure Question 2 25 11 
Substance Question 0 5 4 
Apparatus Question 6 2 0 
 8 32 15 
Issuing Instructions 
Procedure Instruction 5 6 4 
Apparatus Instruction 12 12 6 
Substance Instruction 9 4 3 
Procedural Advice 0 1 2 
Safety 9 2 1 
TOTAL 35 25 16 
 Student Questioning 
Student Procedure Question 5 11 9 
Student Concept Question 0 1 2 
Student Substance Question 4 8 8 
Student Apparatus Question 8 4 5 
Student Observation Question 9 1 10 
Student Lab Report Question 0 0 1 
Student Data Analysis Question 0 35 31 
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8:32 (F) is there more of the sodium… hydro… carbonate 
thingy? I don’t know if anybody has it? 
8:38 sodium hydrogen carbonate… 
8:39 (F) yeah 
8:43 ok, it should be a white powder… this is copper right? 
8:55 (M) that’s the five to.. 
8:56 yeah…what’s this?...Is this carbonate or? 
8:58 (M) that’s the citric acid 
9:00 yep! Oh yeah, citric acid is the same as sodium 
hydrogen carbonate 
 
9:10 guys, a small question before you ask 
9:12 (M) Yep! 
9:13 so… you are going to measure the endothermic and 
exothermic stuff, right? 
9:16 (M) Yep! 
9:17 so you have already filled your tube with stuff… and 
you’ll pour the water… and you will get the temperature 
9:23 (M) ok 
9:26 but how will you be able to say whether it is endo or 
exo? 
9:28 (M) emmm… 
9:28 (M2) temperature… 
9:30 (M) exo – it gets hotter isn’t it? Endo is colder? 
9:31 yeah… that’s cold… ok so exo means like ‘exit’ so it 
means heat is coming out and that’s what type.. ok 
9:16 (M) yeah 
9:39 but like, how will you measure the initial thing? 
9:40 (M) just, eh off your hand is it? 
9:41 (M2) thermometer? 
9:43 ok, a thermometer yeah, so basically handling it… it’s 
kind of a relative thing 
9:47 (M) sorry? 
9:48 like when you are just using your hand… 
9:49 (M) oh yeah 
9:50 it’s relative right… 
9:51 (M) yeah, yeah, yeah 
9:53 but the rise in the temperature will be very sensitive 
TOTAL 26 60 66 
 
 
9:54 (M) ok 
9:55 for you to be able to detect that 
9:56 (M) ok 
9:58 (M2) so you need something… 
9:59 yeah so in the last lab, people forgot that the water you 
are using…  
10:04 (M) distilled 
10:05 any water that you are using – have the temperature of 
the water 
10:06 (M) ok, perfect, yeah yeah 
10:07 because… no you will just pour the water and get the 
temperature of this 
10:11 (M) yeah 




Alana: Results and Excerpts of Coded Transcripts 
  
Alana 
 GC Lab 2 GC Lab 3 GC Lab 5 
 Cognitive 
Asking Thinking Questions 
 
Concept Question 0 0 5 
Procedure Concept Question 0 1 1 
Observation Question 16 0 3 
Observation Concept Question 0 1 4 
Data Analysis Question 0 21 7 
Data Analysis Concept Question 0 4 5 
TOTAL 16 27 25 
Providing Explanations 
Concept Explanation 0 0 12 
Substance Explanation 1 5 16 
Apparatus Explanation 17 4 2 
Procedure Explanation 1 2 41 
Procedure Concept Explanation 0 4 8 
Observation Explanation 16 0 11 
Observation Concept Explanation 2 2 3 
Data Analysis Explanation/Instruction 0 64 50 
Data Analysis Concept 
Explanation/Instruction 
0 19 20 
Lab Report Instruction/Advice 5 4 6 
TOTAL 42 104 169 
 Psychomotor 
Asking Practical Questions 
Procedure Question 5 16 19 
Substance Question 1 10 22 
Apparatus Question 29 0 1 
 35 26 42 
Issuing Instructions 
Procedure Instruction 12 4 60 
Apparatus Instruction 23 3 9 
Substance Instruction 12 1 21 
Procedural Advice 3 3 9 
Safety 6 1 3 
TOTAL 56 12 102 
 Student Questioning 
Student Procedure Question 4 3 96 
Student Concept Question 1 0 13 
Student Substance Question 12 2 27 
Student Apparatus Question 21 0 16 
Student Observation Question 11 2 10 
Student Lab Report Question 5 1 1 
Student Data Analysis Question 0 68 92 
TOTAL 54 76 255 
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Student Procedure Question 
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Student Substance Question 
- 
Procedural Instruction 
Student Procedure Question 
Procedural Advice 
. 
Student Procedure Question 
Substance Explanation 

















Student Data Analysis Question Query 
. 
Lab Report Explanation / Format Instruction 
Student Data Analysis Question Query 




[01:31:08.10] (M): so titrate? 
[01:31:10.10] GTA: before you titrate, you mix them for 10 
minutes, before titration 
[01:31:13.25] (M): sorry, what? 
[01:31:14.28] GTA: to produce iodine, how do you produce 
iodine by mixing them up? What did you do here? Like, how did 
you mix these two things? 
[01:31:22.03] (M): That was from step 1 
[01:31:23.06] GTA: yeah, the same thing you repeat for the 
same 
[01:31:24.13] (M): oh sorry, this is from step 1 
[01:31:25.11] GTA: yeah 
[01:31:27.14] (M): so mixing that with point100? 
[01:31:30.01] GTA: yeah! You do exactly the same thing for 
this, 
[01:31:34.13] (M): that was point100 was it? I don't know 
because that is after being taken off me 
[01:31:41.07] GTA: potassium iodide solution, ok it could be 
this, this is 
[01:31:43.25] (M): that's gone, there's nothing in there 
[01:31:44.19] GTA: yeah 
[01:31:45.29] (M): yeah, that's what it is 
[01:31:45.29] GTA: yeah, this is your 
[01:31:48.00] (M): so how many mls of it? 
[01:31:52.00] GTA: you can take any mls 
[01:31:53.18] (M): so 
[01:31:54.08] GTA: like, just follow what you did for the, about 
3 
[01:31:58.10] (M): so 50 and 50? 
[01:31:58.10] GTA: yeah! Did you take 250 and 25, like you can 
take like any amount like it doesn't matter, but you have to 
note, just whatever you are using 
[01:32:08.04] (M): will I put it into a conical flask? 
[01:32:09.24] GTA: ok 
[01:32:21.18] GTA: 25 and 25 should be fine 
[01:32:23.22] (M): 25? 
[01:32:25.12] GTA: like, if you took 50, 50 for this, take 50, 50 
so that you remember, ok 
[01:32:34.05] (M): that into that? 
[01:32:38.12] GTA: now, this is potassium iodide, ok, sorry, ok 
[01:32:55.29] (M): 50mls of that put into 50 mls of that? 
[01:32:57.07] GTA: exactly, perfect 
[01:33:00.20] (M): label them then, in case I get confused 
[01:33:04.14] GTA: it's simple it's just too many things so you 
got confused, that's it 
[01:33:08.06] (M): well at least I labelled them because they 
were all clear and I would have gotten lost from the first 
minute 
[01:33:09.20] GTA: yeah.. 112 
[01:33:14.15] (M): 112 right 
[01:33:21.23] GTA: you want a marker? 
[01:33:23.15] (M): no, it's alright.. 0.56 
[01:33:27.13] GTA: em hm 
(*interruption by M2) 
[01:33:32.16] (M2): sorry 
[01:33:33.09] GTA: sorry, are you done? 
[01:33:33.23] (M2): yes 
[01:33:40.03] GTA: are you ok with everything? 
 
 
[01:33:42.26] (M2): is that something what I know because, is 
that from your table? 
[01:33:43.16] GTA: you had to fill this in 
[01:33:45.02] (M2): is that from our table? 
[01:33:45.02] GTA: ah see, like, yeah, from the data what you 
already get, you have to decide what order it is 
[01:33:50.07] (M2): ok 
Abby: Results and Excerpts of Coded Transcripts 
  
Abby 
 GC Lab 2 GC Lab 3 GC Lab 5 
 Cognitive 
Asking Thinking Questions 
Concept Question 0 1 7 
Procedure Concept Question 0 13 22 
Observation Question 12 0 10 
Observation Concept Question 9 1 25 
Data Analysis Question 0 24 27 
Data Analysis Concept Question 0 1 25 
TOTAL 21 40 116 
Providing Explanations 
Concept Explanation 0 0 6 
Substance Explanation 1 6 4 
Apparatus Explanation 1 5 3 
Procedure Explanation 1 2 21 
Procedure Concept Explanation 0 12 5 
Observation Explanation 12 5 13 
Observation Concept Explanation 8 2 8 
Data Analysis Explanation/Instruction 0 56 18 
Data Analysis Concept 
Explanation/Instruction 
0 10 33 
Lab Report Instruction/Advice 4 3 5 
TOTAL 27 101 116 
 Psychomotor 
Asking Practical Questions 
Procedure Question 6 14 32 
Substance Question 0 6 12 
Apparatus Question 3 1 2 
 9 21 46 
Issuing Instructions 
Procedure Instruction 9 5 28 
Apparatus Instruction 15 0 13 
Substance Instruction 2 2 11 
Procedural Advice 1 5 9 
Safety 8 2 8 
TOTAL 35 14 69 
 Student Questioning 
Student Procedure Question 5 8 35 
Student Concept Question 0 2 2 
Student Substance Question 3 7 10 
Student Apparatus Question 5 0 11 
Student Observation Question 17 5 9 
Student Lab Report Question 1 3 1 
Student Data Analysis Question 0 60 17 
TOTAL 31 85 85 



























































 [00:26:16.28] GTA: persulphate, ok and was in coloured 
since the beginning? 
[00:26:21.11] (F): yeah 
[00:26:21.11] GTA: so you just made them up? 
[00:26:23.02] (F): yeah, it gets colour from the beginning 
[00:26:24.28] GTA: yeah because the colour 
[00:26:24.28] (F2): is it not meant to be coloured? 
[00:26:26.21] GTA: no, it's not meant to be, so if you just 
have a look at the bottle itself, it's transparent,  
so even... 
[00:26:36.14] GTA: it's not a problem, so even if you 
diluted it with water, it won't get any colour, so what 
would this mean? 
[00:26:43.23] (F): there was something in it! 
[00:26:45.11] GTA: yeah 
[00:26:45.11] (F2): so do we have to start again? 
[00:26:47.17] GTA: and what could be in it? What's your 
guess? 
[00:26:50.24] (F): em, I don't know 
[00:27:03.09] GTA: what, what will be the reaction 
today? - What you are going to preform? 
[00:27:11.29] (F): starch! no... 
[00:27:15.17] GTA: no, that would, the starch is always 
white and if you add it to iodine, it will be blue, so that's 
not the starch, so it is this... 
[00:27:28.20] (F): the iodine 
[00:27:28.20] (F2): iodine 
[00:27:28.20] GTA: the iodine! yeah, so, all the solutions 
are colourless but if you mix them together, the 
persulphate and the iodide, you will form iodine which 
has a yellow colour, so this means that it already had 
some of this, probably, 
[00:27:46.21] (F): ok 
[00:27:46.21] GTA: because someone didn't clean it 
properly last time, so, if you haven't mixed them yet 
[00:27:55.19] (F): no 
[00:27:55.19] GTA: so maybe you can... do it again or you 
can just keep in mind that this can be an error in your 
experiment 
[00:28:03.20] (F): ok! 
[00:28:07.06] GTA: yeah, it's no problem! 
[00:30:54.17] GTA: yeah, just please use gloves, this is 
very,  
[00:30:57.11] (M): ok 
[00:30:57.11] GTA: corrosive 
[00:31:00.08] (M): I can see 
[00:31:02.18] GTA: huh? 
[00:31:02.18] (M): I can see  
[00:31:02.29] GTA: yeah, what's you’re... yeah 
[00:31:29.28] GTA: yeah, just put it here, so, this is why 
you have it in here in the fume hood because it's very 
corrosive, so that's why you don't bring it out, and yeah, 






Sean: Results and Excerpts of Coded Transcripts 
  
Sean 
 GC Lab 2 GC Lab 3 GC Lab 5 
 Cognitive 
Asking Thinking Questions 
Concept Question 1 0 7 
Procedure Concept Question 0 7 10 
Observation Question 25 2 12 
Observation Concept Question 20 2 15 
Data Analysis Question 0 14 1 
Data Analysis Concept Question 0 1 23 
TOTAL 46 26 68 
Providing Explanations 
Concept Explanation 1 0 5 
Substance Explanation 1 1 8 
Apparatus Explanation 2 2 0 
Procedure Explanation 3 5 16 
Procedure Concept Explanation 1 3 4 
Observation Explanation 49 7 9 
Observation Concept Explanation 19 0 7 
Data Analysis Explanation/Instruction 0 30 12 
Data Analysis Concept 
Explanation/Instruction 
0 3 32 
Lab Report Instruction/Advice 18 4 3 
TOTAL 94 55 96 
 Psychomotor 
Asking Practical Questions 
Procedure Question 9 6 22 
Substance Question 4 2 12 
Apparatus Question 1 0 2 
 14 8 36 
Issuing Instructions 
Procedure Instruction 1 7 35 
Apparatus Instruction 13 0 16 
Substance Instruction 10 2 4 
Procedural Advice 4 0 3 
Safety 3 0 2 
TOTAL 31 9 60 
 Student Questioning 
Student Procedure Question 19 19 47 
Student Concept Question 3 0 7 
Student Substance Question 11 2 15 
Student Apparatus Question 9 1 12 
Student Observation Question 53 9 22 
Student Lab Report Question 7 1 4 
Student Data Analysis Question 0 46 38 
TOTAL 102 78 145 
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Student Observation Question 
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Student Data Analysis Question/Query 
. 
. 
Data Analysis Explanation / Instruction 
. 
Student Data Analysis Question/Query 
. 
Data Analysis Question 
. 
Student Data Analysis Question/Query 








[01:05:13.24] GTA: ok, so when you do a normal 
reaction, ok, why do you see a colour-change? 
[01:05:20.08] (F): don't know... 
[01:05:20.08] GTA: when you mix both of them, yeah, 
when you mix both of them, why do you see a colour? 
[01:05:24.29] (F): oh, why? 
[01:05:25.12] GTA: why 
[01:05:28.00] (F): cause they are reacting? 
[01:05:28.00] GTA: and? 
[01:05:31.02] (F): and 
[01:05:34.07] (F2): product formed a colour? 
[01:05:34.07] GTA: yes, ok, what product gave you a 
colour? 
[01:05:40.06] (F2): iodide? 
[01:05:41.18] (F): yeah, that's the colour of iodide... 
[01:05:41.18] GTA: iodine, iodine 
[01:05:45.10] (F): what is it? 
[01:05:45.10] GTA: iodine! 
[01:05:47.14] (F): iodine 
 
 
[01:06:59.02] GTA: and you need to find out the iodide 
concentration in there so you are reacting that 
persulphate, the thiosulphate solution, what 
thiosulphate does is that, it kind of works, again iodine 
into an iodine ion, iodide ok? And the volume that you 
see in that persulphate 
[01:07:22.23] (F2): yeah 
[01:07:24.08] GTA: that determines the concentration of 
iodide 
[01:07:25.20] (F2): yeah ok, so this here? 
[01:07:27.26] GTA: yeah 
[01:07:29.14] (F2): we can just figure out this from this? 
[01:07:30.07] GTA: yes, so it's basically you can find out 
the molarity from that 
[01:07:35.28] (F): we use what formula? what formula 
do we use to find this? 
[01:07:40.07] GTA: what formula do you use to find out 
molarity? 
[01:07:42.11] (F): em, m1v1 over n1? 
[01:07:45.01] GTA: no, molarity is volume over litres, so 







 GC Lab 2 GC Lab 3 GC Lab 4 
 Cognitive 
Asking Thinking Questions 
Concept Question 0 0 4 
Procedure Concept Question 0 0 0 
Observation Question 5 0 17 
Observation Concept Question 0 0 15 
Data Analysis Question 0 8 28 
Data Analysis Concept Question 0 0 14 
TOTAL 5 8 78 
Providing Explanations 
Concept Explanation 0 0 1 
Substance Explanation 0 6 0 
Apparatus Explanation 1 0 2 
Procedure Explanation 0 3 3 
Procedure Concept Explanation 0 0 0 
Observation Explanation 8 3 7 
Observation Concept Explanation 1 1 8 
Data Analysis 
Explanation/Instruction 
0 50 51 
Data Analysis Concept 
Explanation/Instruction 
0 10 10 
Lab Report Instruction/Advice 2 4 4 
TOTAL 12 77 86 
 Psychomotor 
Asking Practical Questions 
Procedure Question 0 9 7 
Substance Question 2 1 6 
Apparatus Question 1 0 1 
 3 10 14 
Issuing Instructions 
Procedure Instruction 2 6 3 
Apparatus Instruction 5 3 11 
Substance Instruction 3 0 6 
Procedural Advice 0 0 3 
Safety 1 0 1 
TOTAL 11 9 24 
 Student Questioning 
Student Procedure Question 3 5 6 
Student Concept Question 0 0 1 
Student Substance Question 3 2 4 
Student Apparatus Question 5 2 8 
Student Observation Question 3 2 11 
Student Lab Report Question 1 5 1 
Student Data Analysis Question 0 53 51 
 
 
Mia: Results and Excerpts of Coded Transcripts 
  






























Student Procedure Question 
. 
Procedure Instruction  
 
















Data Analysis Question 
Student Data Analysis Question 
. 
Data Analysis Question 
- 
- 




[00:34:31.19] GTA: yeah, yeah, so when the sign is 
negative, it's exothermic reaction 
[00:34:37.27] (M): so the sign is negative 
[00:34:38.19] GTA: yeah 
[00:34:39.13] (M): ok 
[00:34:39.13] GTA: because you are losing heat 
[00:34:41.14] (M): ok!  
 
[00:36:36.13] (F): em 
[00:36:36.13] GTA: yeah! 
[00:36:36.13] (F): you know, part D, is it supposed to be 
going up or down? 
[00:36:42.03] GTA: what's this, part D... 
[00:36:42.14] (F): this is, copper 2 sulphate and sodium 
hydroxide 
[00:36:48.00] GTA: ok... 
[00:36:51.14] (F): cause like 
[00:36:51.14] GTA: you don't see any change? 
[00:36:52.27] (F): no 
[00:37:01.26] GTA: did you use 1 molar? 
[00:37:02.07] (F): yeah 
[00:37:04.17] GTA: ok... 
[00:37:16.10] (F): should I just try again? 
[00:37:16.10] GTA: so the initial was, 20.4 now it's? 
[00:37:17.15] (F): 20.4... 
[00:37:19.24] GTA: ok 
[00:37:20.07] (F): can't be right like... should I just try it 
out again? 
[00:37:31.21] GTA: yeah,  
 
[01:36:03.10] GTA: do you understand how to calculate 
them? 
[01:36:03.10] (F): yeah 
[01:36:10.11] GTA: so, 0.025, yeah 
[01:36:34.07] GTA: did you see any change? 
[01:36:35.29] (F): no change, no, is there supposed to be 
a change? 
[01:36:41.27] GTA: so you are having 23 degrees 
[01:36:45.07] (F): yeah 
[01:36:45.07] GTA: at the beginning, you had 22.5 so you 
are having an increase in temperature of 0.5, it's not 
much but you are having something 
[01:36:54.18] (F): ok, ok, ok that's what it means, alright, 
I thought it was an overall... ok, grand so a slight 
increase,  
[01:36:57.27] GTA: yeah 
[01:37:00.19] (F): ok grand 
[01:37:13.17] GTA: is this 1? 
[01:37:14.21] (F): yeah, point 1, sorry It's supposed to be 
2! 2 moles... no? 
[01:37:18.27] GTA: no, so how did you calculate it?  
 
 
[01:37:20.25] (F): I don't know, I just thought, I just 
though point 1 because we were putting in 1 mole of it 
into 
[01:37:29.15] GTA: one mole or one molar? 
[01:37:31.25] (F): one molar 
[01:37:33.01] GTA: so one molar is (*smiling) 
. 

















[01:37:37.13] (F): point...1, no (*smiling) 
[01:37:39.19] GTA: (*smiling) what is molarity? 
[01:37:42.00] (F): molarity... yeah 
[01:37:46.07] GTA: molarity is... 
[01:37:48.16] (F): mass over molar mass? 
[01:37:52.16] (M): moles per litre 
[01:37:52.16] GTA: (*smiling / laughing) 
[01:37:50.16] (F): (*smiling / laughing) sorry! moles per 
litre 










Colin: Results and Excerpts of Coded Transcripts 
 
Colin 
 GC Lab 2 GC Lab 3 2nd Year 
Organic 
 Cognitive 
Asking Thinking Questions 
Concept Question 0 0 1 
Procedure Concept Question 0 0 1 
Observation Question 5 1 2 
Observation Concept Question 1 0 1 
Data Analysis Question 0 5 0 
Data Analysis Concept Question 0 0 0 
TOTAL 6 6 5 
Providing Explanations 
Concept Explanation  0 1 
Substance Explanation 1 0 3 
Apparatus Explanation 0 0 4 
Procedure Explanation 0 0 3 
Procedure Concept Explanation 0 0 3 
Observation Explanation 8 0 6 
Observation Concept Explanation 5 0 3 
Data Analysis Explanation/Instruction 0 30 5 
Data Analysis Concept 
Explanation/Instruction 
0 0 0 
Lab Report Instruction/Advice 2 0 1 
TOTAL 16 30 29 
 Psychomotor 
Asking Practical Questions 
Procedure Question 4 6 3 
Substance Question 2 2 2 
Apparatus Question 1 0 2 
 7 8 7 
Issuing Instructions 
Procedure Instruction 0 12 13 
Apparatus Instruction 1 5 5 
Substance Instruction 3 1 7 
Procedural Advice 0 0 0 
Safety 0 0 0 
TOTAL 4 18 25 
 Student Questioning 
Student Procedure Question 3 14 21 
Student Concept Question 0 0 0 
Student Substance Question 1 0 7 
Student Apparatus Question 5 1 12 
Student Observation Question 3 0 10 
Student Lab Report Question 1 0 0 
Student Data Analysis Question 0 51 3 
TOTAL 13 66 53 












Student Procedure Question 



















Student Apparatus Question 










Student Procedure Question 
 
Substance Explanation  
. 
Student Substance Question 
- 
Student Procedure Question 
Procedure Explanation 
. 
Student Substance Question 
- 









[00:15:28.18] GTA: yes, you have this, this works as 
silicon, glass wool we can call it 
[00:15:34.00] (F): yep 
[00:15:35.01] GTA: where it will stop your silicon and 
make a bed 
[00:15:39.14] (F): can you put it in there? 
[00:15:39.14] GTA: yeah. Don't worry you can add more 
solvent as well, 
[00:15:49.25] (F): yeah 
[00:15:49.25] GTA: and you can try, just about the 
second part opposite that 
[00:15:56.00] (F): yeah 
[00:15:58.28] GTA: once you start adding, you can add 
more solvent 
 
[00:16:25.07] (M): is there any more of those? 
[00:16:27.07] GTA: columns on the bench, you can see, 
on the bench, they found three of them, you can check 
those ones 
[00:16:36.03] (M): huh? 
[00:16:36.03] GTA: on the bench 
[00:16:36.03] (M): ok 
[00:16:36.03] GTA: yeah... the one you are holding? 
[00:16:47.02] (M): no, doesn't work yeah 
[00:16:46.25] GTA: oh! (*smiling) 
[00:16:49.12] (M): does it make a difference though? 
[00:16:49.12] GTA: it will because the rates of 
operation...you are using a mixture of solvents 
[00:16:55.15] (M): yeah 
[00:16:56.15] GTA: rates of operation will be different 
for chloroform and methanol mixers 
[00:17:01.11] (M): ok so 
[00:17:03.21] GTA: yeah, it won't be maintained at 10 to 
1 
[00:17:08.20] (M): ok 
[00:17:09.22] GTA: so 1 will go fast and 1 will go slower 
so it won't be 10 to 1 anymore if you 
[00:17:14.28] (M): is that ok? 
 
[00:17:32.26] GTA: this should be chloroform, methanol 
10 is to 1 mixer 
[00:17:34.16] (F): oh the one in the fume hood? 
[00:17:36.26] GTA: in the fume hood, yes 
[00:17:36.26] (F): how many mls? 
[00:17:38.12] GTA: eh, that depends on what you are 
using, why you are using it, it should be just about.. 
[00:17:46.07] (F): powder? 
[00:17:46.28] GTA: yeah, yeah 
[00:17:49.00] (F): and then do you put that solvent into 
this? 
[00:17:51.10] GTA: yeah, into this and dry it slowly 
[00:17:54.04] (F): into a beaker and it will form... 
 
 






Appendix 13: Interactional Statistics 
Stage 1 Data 
 Noah Alana Abby Ava Colin Mia Sean 
Time Recorded (s) 5182 5704 5323 5718 5522 5013 5843 
GTA Initiated Interactions 
Number 19 37 16 21 12 7 48 
Total Duration (s) 1194 566 1003 872 87 286 1529 
Mean Duration (s) 60 15 63 44 7 41 32 
Student Initiated Interactions 
Number 8 33 16 15 10 12 27 
Total Duration (s) 114 1208 810 1159 408 250 1556 
Mean Duration (s) 16 37 51 77 41 21 58 
GTA and Student Initiated Interactions 
Number 27 70 32 36 22 12 75 
Total Duration (s) 1308 1774 1813 2031 495 536 3085 
Mean Duration (s) 48 25 57 58 23 28 41 
 
 Total 
Time Recorded 38305 
GTA Initiated Interactions 
Number 160 
Total Duration (s) 5537 
Mean Duration (s) 35 
Student Initiated Interactions 
Number 121 
Total Duration (s) 5505 
Mean Duration (s) 46 
GTA and Student Initiated Interactions 
Number 281 
Total Duration (s) 11042 




Stage 2 Data 
 Noah Alana Abby Ava Colin Mia Sean 
Time Recorded (s) 6483 6622 7512 7671 6322 5013 5881 
GTA Initiated Interactions 
Number 35 28 26 30 14 14 16 
Total Duration (s) 2773 3206 3099 4177 491 854 899 
Mean Duration (s) 79 115 119 139 35 61 50 
Student Initiated Interactions  
Number 8 6 11 7 22 24 11 
Total Duration (s) 554 530 1889 1753 942 1175 1311 
Mean Duration (s) 79 88 172 250 43 49 119 
GTA and Student Initiated Interactions 
Number 43 34 37 37 36 38 27 
Total Duration (s) 3327 3736 4988 5930 1433 2029 2210 
Mean Duration (s) 79 110 135 160 40 53 76 
 
 Total 
Time Recorded (s) 45504 
GTA Initiated Interactions 
Number 163 
Total Duration (s) 15499 
Mean Duration (s) 94 
Student Initiated Interactions 
Number 89 
Total Duration (s) 8154 
Mean Duration (s) 93 
GTA and Student Initiated Interactions 
Number 252 
Total Duration (s)  23653 




Stage 3 Data 
 Noah Alana Abby Ava Colin Mia Sean 
Time Recorded 
(s) 
7306 7869 8089 7296 4198 6353 7519 
GTA Initiated Interactions 
Number 25 23 32 18 14 22 37 
Total Duration 
(s) 
2279 807 3882 4478 401 1978 2350 
Mean Duration 
(s) 
91 37 121 249 29 90 62 
Student Initiated Interactions 
Number 12 34 19 8 17 24 31 
Total Duration 
(s) 
1651 3872 1794 1919 718 1840 1732 
Mean Duration 
(s) 
138 111 94 240 42 77 56 
GTA and Student Initiated Interactions 
Number 37 57 51 26 31 46 68 
Total Duration 
(s) 
3930 4679 5676 6397 1119 3818 4082 
Mean Duration 
(s) 


































Stage 1, Stage 2 and Stage 3 Total 
 Noah Alana Abby Ava Colin Mia Sean 
GTA Initiated Interactions 
Number 79 88 74 69 40 43 101 
Total Duration 
(s) 6246 4579 7984 9527 979 3118 4778 
Mean Duration 
(s) 230 167 303 432 71 192 144 
Student Initiated Interactions 
Number 28 73 46 30 49 60 69 
Total Duration 
(s) 2319 5610 4493 4831 2068 3265 4599 
Mean Duration 
(s) 233 236 317 567 126 147 233 
GTA and Student Initiated Interactions 
Number 107 161 120 99 89 96 170 
Total Duration 
(s) 8565 10189 12477 14358 3047 6383 9377 
Mean Duration 
(s) 233 217 303 464 99 164 176 
 
 Total 





























Normality of Stage 1 Data 
Tests of Normality 
 
Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
S1No.GTAInteractions .265 7 .147 .903 7 .352 
S1No.StuInteractions .269 7 .134 .880 7 .225 
S1DurationGTAInteractions .135 7 .200* .978 7 .951 
S1MeanDurationGTAInteractions .143 7 .200* .942 7 .657 
S1DurationStuInteractions .184 7 .200* .935 7 .597 
S1MeanDurationStuInteractions .136 7 .200* .972 7 .909 
S1TotalNo.Interactions .136 7 .200* .975 7 .933 
S1TotalDurationInteractions .165 7 .200* .933 7 .574 
S1TotalMeanDuration .218 7 .200* .882 7 .236 
*. This is a lower bound of the true significance. 






Normality of Stage 2 Data 
 
Tests of Normality 
 
Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
S2No.GTAInteractions .232 7 .200* .881 7 .229 
S2No.StuInteractions .340 7 .014 .800 7 .041 
S2DurationGTAInteractions .247 7 .200* .887 7 .260 
S2MeanDurationGTAInteractions .202 7 .200* .936 7 .602 
S2DurationStuInteractions .159 7 .200* .928 7 .530 
S2MeanDurationStuInteractions .210 7 .200* .894 7 .296 
S2TotalNo.Interactions .214 7 .200* .916 7 .437 
S2TotalDurationInteractions .190 7 .200* .946 7 .689 
S2TotalMeanDuration .200 7 .200* .953 7 .761 
*. This is a lower bound of the true significance. 







Normality of Stage 3 Data 
 
Tests of Normality 
 
Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
S3No.GTAInteractions .185 7 .200* .966 7 .866 
S3No.StuInteractions .145 7 .200* .962 7 .834 
S3DurationGTAInteractions .203 7 .200* .943 7 .664 
S3MeanDurationGTAInteractions .246 7 .200* .836 7 .091 
S3DurationStuInteractions .363 7 .006 .790 7 .032 
S3MeanDurationStuInteractions .207 7 .200* .866 7 .173 
S3TotalNo.Interactions .136 7 .200* .975 7 .933 
S3TotalDurationInteractions .257 7 .178 .924 7 .502 
S3TotalMeanDuration .312 7 .038 .810 7 .051 
*. This is a lower bound of the true significance. 








 Stage 1 to Stage 2 





tailed) Mean Std. Deviation 
Std. Error 
Mean 
95% Confidence Interval of the 
Difference 
Lower Upper 
Pair 1 S1No.GTAInteractions – 
S2No.GTAInteractions 
-.42857 16.29782 6.16000 -15.50154 14.64440 -.070 6 .947 
Pair 2 S1No.StuInteractions - 
S2No.StuInteractions 
3.00000 16.75311 6.33208 -12.49404 18.49404 .474 6 .652 
Pair 3 S1DurationGTAInteractions - 
S2DurationGTA 
-1410.28571 1376.60824 520.30901 -2683.43599 -137.13544 -2.710 6 .035 
Pair 4 S1MeanDurationGTAInteractions - 
S2MeanDurationGTAInteractions 
-48.00000 36.29049 13.71652 -81.56311 -14.43689 -3.499 6 .013 
Pair 5 S1DurationStuInteractions - 
S2DurationStuInteractions 
-378.42857 628.31915 237.48232 -959.52686 202.66972 -1.594 6 .162 
Pair 6 S1MeanDurationStuInteractions - 
S2MeanDurationStuInteractions 
-71.28571 57.84668 21.86399 -124.78497 -17.78646 -3.260 6 .017 
Pair 7 S1TotalNo.Interactions - 
S2TotalNo.Interactions 
9.14286 18.56007 7.01505 -8.02234 26.30806 1.303 6 .240 
Pair 8 S1TotalDurationInteractions - 
S2TotalDurationInteractions 
-1801.57143 1547.23041 584.79813 -3232.52090 -370.62196 -3.081 6 .022 
Pair 9 S1TotalMeanDuration - 
S2TotalMeanDuration 








 Stage 2 to Stage 3 





tailed) Mean Std. Deviation 
Std. Error 
Mean 
95% Confidence Interval of the 
Difference 
Lower Upper 
Pair 1 S2No.GTAInteractions – S3NoGTAInter -1.14286 11.55319 4.36670 -11.82778 9.54206 -.262 6 .802 
Pair 2 S2No.StuInteractions – S3NoStuInteraction -6.42857 14.32780 5.41540 -19.67957 6.82243 -1.187 6 .280 
Pair 3 S2DurationGTA - S3DurationGTA -105.14286 1296.46435 490.01746 -1304.17240 1093.88668 -.215 6 .837 
Pair 4 S2MeanDurationGTAInteractions – 
S3MeanDuration 
-11.57143 55.40113 20.93966 -62.80893 39.66608 -.553 6 .600 
Pair 5 S2DurationStuInteractions - 
S3DurationStuInteraction 
-767.42857 1221.74532 461.77632 -1897.35453 362.49739 -1.662 6 .148 
Pair 6 S2MeanDurationStuInteractions - 
S3MeanDurationStuInteraction 
4.57143 49.50036 18.70938 -41.20877 50.35163 .244 6 .815 
Pair 7 S2TotalNo.Interactions - 
S3TotalNoInteractions 
-9.14286 18.56007 7.01505 -26.30806 8.02234 -1.303 6 .240 
Pair 8 S2TotalDurationInteractions - 
S3TotalDurationInteractions 
-863.85714 766.23243 289.60864 -1572.50395 -155.21033 -2.983 6 .025 








 Stage 1 to Stage 3 










95% Confidence Interval of the 
Difference 
Lower Upper 
Pair 1 S1No.GTAInteractions – S3NoGTAInter -1.57143 11.75949 4.44467 -12.44715 9.30429 -.354 6 .736 
Pair 2 S1No.StuInteractions - S3NoStuInteraction -3.42857 5.79819 2.19151 -8.79101 1.93386 -
1.564 
6 .169 
Pair 3 S1DurationGTAInteractions - S3DurationGTA -
1515.42857 
1290.11613 487.61806 -2708.58699 -322.27016 -
3.108 
6 .021 
Pair 4 S1MeanDurationGTAInteractions - 
S3MeanDuration 
-59.57143 65.54606 24.77408 -120.19142 1.04856 -
2.405 
6 .053 




863.07366 326.21118 -1944.06715 -347.64714 -
3.513 
6 .013 
Pair 6 S1MeanDurationStuInteractions - 
S3MeanDurationStuInteraction 
-66.71429 63.40798 23.96596 -125.35688 -8.07169 -
2.784 
6 .032 




1397.27423 528.12002 -3957.69171 -1373.16544 -
5.047 
6 .002 










 No of student- initiated interactions Stage 1 to Stage 2 
Ranks 
 N Mean Rank Sum of Ranks 
S2No.StuInteractions – S1No.StuInteractions Negative Ranks 4a 3.25 13.00 
Positive Ranks 2b 4.00 8.00 
Ties 1c   
Total 7   
a. S2No.StuInteractions < S1No.StuInteractions 
b. S2No.StuInteractions > S1No.StuInteractions 




Stage 2 Number Student Interaction – Stage 1 Number Student 
Interactions 
Z -.524b 
Asymp. Sig. (2-tailed) .600 
a. Wilcoxon Signed Ranks Test 






 No of student-initiated interactions Stage 2 to Stage 3 
 
Ranks 
 N Mean Rank Sum of Ranks 
S3NoStuInteraction – S2No.StuInteractions Negative Ranks 1a 4.00 4.00 
Positive Ranks 5b 3.40 17.00 
Ties 1c   
Total 7   
a. S3NoStuInteraction < S2No.StuInteractions 
b. S3NoStuInteraction > S2No.StuInteractions 





Stage 3 Number Student Interaction – Stage 2 Number Student 
Interactions 
Z -1.363b 
Asymp. Sig. (2-tailed) .173 
a. Wilcoxon Signed Ranks Test 






 Duration of student-initiated interactions Stage 1 to Stage 3 
 
Ranks 
 N Mean Rank Sum of Ranks 
S3DurationStuInteraction – 
S1DurationStuInteractions 
Negative Ranks 0a .00 .00 
Positive Ranks 7b 4.00 28.00 
Ties 0c   
Total 7   
a. S3DurationStuInteraction < S1DurationStuInteractions 
b. S3DurationStuInteraction > S1DurationStuInteractions 




Stage 3 Duration Student Interaction – Stage 1 Duration Student 
Interactions 
Z -2.366b 
Asymp. Sig. (2-tailed) .018 
a. Wilcoxon Signed Ranks Test 







 Duration of student initiated interactions Stage 2 to Stage 3 
 
Ranks 
 N Mean Rank Sum of Ranks 
S3DurationStuInteraction - 
S2DurationStuInteractions 
Negative Ranks 2a 2.00 4.00 
Positive Ranks 5b 4.80 24.00 
Ties 0c   
Total 7   
a. S3DurationStuInteraction < S2DurationStuInteractions 
b. S3DurationStuInteraction > S2DurationStuInteractions 




Stage 3 Duration Student Interaction – Stage 2 Duration Student 
Interactions 
Z -1.690b 
Asymp. Sig. (2-tailed) .091 
a. Wilcoxon Signed Ranks Test 









Appendix 14: TCL-GTA Undergraduate Student Feedback Form 
This research is aiming to understand your perceptions of the role of the Lab 
Demonstrators. 
Please fill in your responses to the questions in the boxes provided. 
Did the Lab Demonstrators have an impact on your understanding of chemistry concepts during 







Did the Lab Demonstrators have an impact on your laboratory skills during General Chemistry 2 







Did the Lab Demonstrators have an impact on how you feel about General Chemistry 2 







If you were a Lab Demonstrator, what would you do to help students? 
 
 
